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IN 1628, William Harvey, by describing the circulation of the 
blood, initiated a series of investigations which, beginning with 
the heart and larger vessels, have gradually penetrated further and 
further into the mysteries of the capillary network. Harvey's 
observations, though necessarily limited to the grossly visible por- 
tions the circulatory system, led him to conclude that blood 
must pass from the peripheral arteries to the minute veins presum- 
ably through “ porosities of the tissues.””. Approximately 50 years 
elapsed before the capillaries themselves were observed under the 
microscope by Malpighi and Leeuwenhoek. It seems as though 
investigation of the capillary circulation has never been able quite 
to overcome this initial handicap of half a century. 

The occurrence of edema, an outstanding clinical problem even 
before the time of Galen, stimulated earlier physiologists and physi- 
clans to speculate concerning the mechanism which controls the 
migration of fluid through the capillary wall as well as its trans- 
portation and distribution throughout the body. In the normal 
individual the volume of tissue fluid suffers only transitory and 
relatively small changes, despite wide variations in water intake, 
exercise and posture. In patients with some tendency toward 
edema formation, on the contrary, the copious ingestion of water, 
or mere dependency of an extremity, may add to the normally 
meager amount of tissue fluid until clinical edema appears. These 
vatients suffer apparently from a more or less serious breakdown of 
‘he normal mechanism of fluid transport. 


* A lecture delivered before the Harvey Society, New York, November 19, 1936. 
vou. 193, No. 3.—MarcH, 1937 
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The first reasonably complete hypothesis explaining how equilib- 
rium between blood and tissue fluid might be maintained under 
diverse conditions was advanced by Starling,’ in 1896, and was 
later expanded to explain tentatively the pathogenesis of edema. 
Starling called attention to the fact that crystalloidal substances, 
such as salts, urea, creatinine and glucose, pass easily through the 
‘apillary wall and are present in approximately equal concentrations 
in blood plasma and tissue fluid. Such substances cannot exert a 
permanent osmotic pressure across the capillary wall and should 
not, therefore, affect the distribution of fluid except very{tempo- 
rarily. The plasma proteins, however, by reason of their greater 
molecular dimensions, are retained more or less efficiently by the 
capillary wall and can develop an osmotic pressure, amounting in 
man to approximately 26 mm. of mercury or 36 cm. of water. This 
colloid osmotic pressure of the blood tends to absorb fluid from 
the tissue spaces, while capillary pressure, on the contrary, tends 
to filter fluid from the blood stream into the tissue spaces. Thus 
the relative constancy of blood volume and tissue fluid volume 
should depend primarily upon the balance between these two forces. 
This ingenious concept, though theoretically sound, was for many 
years subject to criticism owing chiefly to the difficulty of measuring 
capillary blood pressure. 

In 1917, Epstein’ emphasized the réle of hypoproteinemia in the 
development of nephrotic edema. According to Starling’s view, 
this type of edema could be explained logically by the low colloid 
osmotic pressure which, in association with a normal capillary blood 
pressure, would favor filtration of fluid and, at the same time, 
hinder absorption from the tissue spaces. 

War edema, associated with protein starvation, was also found 
during this same period to be accompanied by hypoproteinemia, 
the edema disappearing when the plasma protein percentage rose to 
normal. Further clinical study by Krogh,® Schade,2° Govaerts,* 
Meyer" and others verified the importance of hypoproteinemia in 
some types of edema, but showed also that in other types the plasma 
protein percentage was usually within normal limits. The general 
problem of normal fluid balance and the clinical problem of edema 
then seemed too complex to be explained even partially by simple 
physical principles. 

Until about 1917 the capillaries were generally thought to be 
inert, thin-walled tubes which conveyed blood through the tissues 
in whatever quantity the arteries and arterioles might supply. 
The extensive studies of Krogh® and Lewis" showed, however, that 
the capillary vessels are independently contractile and that they 
are capable of responding individually in a very delicate manner 
to the circulatory needs of the immediately adjacent tissues. Bui 
even so, the blood is still separated from the tissues it serves by a 
single layer of endothelial cells forming the capillary wall. Obvi- 
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ously interchange of substances between blood and tissues must 
depend fundamentally upon the properties of this membrane in 
association with the physical forces controlling the flow of blood 
past the membrane. 

Important factors controlling the movement of fluids through a 
membrane are: (1) The total area of filtering surface available; 
(2) the properties, particularly the permeability, of the membrane 
itself, and (3) the pressures exerted on the fluids inside and outside 
the membrane. 

The collective area of capillary wall available for fluid interchange 
is relatively enormous. Krogh’ estimated that the total surface 
of capillary wall in the body of an average-sized man must exceed 
6300 square meters or 68,000 square feet. In other words, the col- 
lective area of vascular endothelium in the adult human body can 
be visualized as a microscopically thin membrane 3 feet wide and 
over 4 miles long. Obviously, very rapid interchanges are favored 
by areas of this magnitude. 

In the second place, rapid interchange of water is aided by the 
inherent properties of the capillary endothelium which is far more 
permeable than other cellular membranes so far studied quanti- 
tatively. Under comparable conditions, water passes through the 
frog's capillary wall approximately 3000 times more rapidly than 
through the surface membrane of a typical cell and over 100 times 
more rapidly than through the membrane of the erythrocyte.!" 

The significance of this extensive filtering area combined with 
great permeability can be expressed by a calculation which is 
admittedly approximate but illustrates the general magnitude of 
possible effects. Assuming that the capillary wall of man is as 
permeable as the frog’s capillary wall, the total plasma volume of 
a man could be filtered through his calculated 68,000 square feet 
of endothelium within 10 seconds at a capillary. pressure of only 
10 mm. Hg if there were no force retaining fluids within the blood 
capillaries. Normally, the activity of the vasomotor system pre- 
vents the entire peripheral vascular bed from opening simulta- 
neously. In addition, the plasma proteins, by their colloid osmotic 
pressure, limit the loss of fluid from the blood stream. Only in 
widespread injury of the vascular endothelium would it be possible 
for fluid to leave the blood at such a deleteriously rapid rate. 

Quantitative studies of the third factor, namely, capillary blood 
pressure, offer some technical difficulty. Capillary pressure has 
been measured by many indirect methods, but the estimates thus 
obtained by different observers range from far below to far above 
colloid osmotic pressure. The relation between capillary pressure 
and fluid movement has been studied also by means of a plethysmo- 
graph which encloses a mass of tissue containing large numbers of 
capillaries. Results are often difficult to interpret because of 
changing diameter, pressure and rate of flow in the separate vessels 
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composing the capillary network. ‘These variables can be reduced 
in number and more adequately controlled by studying single 
capillaries directly thus limiting observation to what is, in fact, 
the smallest unit of the circulatory system. 

To measure venous blood pressure directly it is necessary to use 
a needle small enough to be inserted easily into a vein; similarly, 
to measure capillary blood pressure directly the puncturing needle 
must be thinner than a single capillary. Chambers’ had devised 
delicately adjustable micromanipulators for dissecting single cells. 
By means of this technique a micropipette can be introduced into 
the lumen of a capillary with the aid of a microscopic glass rod." 
The minute orifice of the micropipette communicates through a 
continuous column of sodium citrate solution with a manometer 
and also with a simple device for altering rapidly the pressure 
exerted upon the fluid in the pipette. The capillary and pipette 
are observed under the microscope while adjustment balances the 
pressure in the apparatus against that in the cannulated vessel. 
When this equilibrium is reached the manometer indicates the level 
of capillary pressure. With slight modifications similar measure- 
ments can be made in arteries, arterioles, venules and veins as well. 

From a large number of single determinations in the main ana- 
tomical subdivisions of the vascular tree, it became evident that 
average blood pressure declines very little in the arteries, but falls 
steeply as the blood enters the arterioles. This gradient does not 
stop with the arterioles but continues through the capillary network 
so that average blood pressure is considerably higher in the arteriolar 
portion of the capillary network than in the venous portion. Such 
a gradient of capillary blood pressure was observed in the four 
species studied (frog, rat,"/ guinea pig'’ and man"), but the 
absolute level of pressure at which this gradient is maintained differs 
considerably according to species. 

In the mesentery of the frog, for instance, the average blood 
pressure in those capillaries which are connected more directly 
with the arterioles is 14 cm. of water while in the venous capillaries, 
those emptying into the minute venules, average blood pressure is 
10 cm. of water. In man, arteriolar capillary pressure averages 
45 cm. of water, venous capillary pressure 22 cm. of water. Accord- 
ing to Starling’s hypothesis the colloid osmotic pressure of human 
and amphibian plasma should show corresponding differences. In 
general, this is the case since frog plasma has a colloid osmotic pres- 
sure between 7.5 and 13 em. of water while the higher capillary 
pressure of man is balanced by a higher colloid osmotic pressure 
approximately 36 cm. of water or 26 mm. of mercury. The rat and 
guinea pig with intermediate capillary pressures have also an inter- 
mediate colloid osmotic pressure. These findings are in accord 
therefore with the general concept that filtration, which is favored 
by excess of capillary pressure in the arteriolar part of the capillary 
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network, will be balanced by absorption through excess of colloid 
osmotic pressure in the venous part of the capillary network. 

The gradients of blood pressure just described represent averages 
including large numbers of single determinations. Capillary pres- 
sure is really an extremely variable quantity. It changes sponta- 
taneously in the same capillary from moment to moment, and may 
differ widely in adjacent capillaries even though they arise from 
the same arteriole."® In the web of the frog, cutaneous trauma, 
such as that produced by a minute crystal of silver nitrate, leads to 
reflex vasodilatation and increased blood flow." Capillary blood 
pressure rises conspicuously during hyperemia (e. g., from 14 em. 
of water to 25 em. of water) and returns toward the lower resting 
level as hyperemia recedes. 

If a micropipette be introduced into the venous limb of a capillary 
at the base of the human finger nail, pressure is usually found to be 
about 10 to 12 mm. of mercury, with barely measurable pulse pres- 
sure. Tf the skin be warmed locally to 43° C., capillary blood pres- 
sure often rises to well over 40 mm. of mercury."'© Blood flow is 
rapid and pulse pressure is exaggerated temporarily during the 
period of hyperemia. On the contrary, cooling the skin at the 
base of the nail produces vasoconstriction and a distinct drop in 
capillary blood pressure which is followed, however, after a few 
minutes by a secondary rise associated with the reactive hyperemia 
which has been studied so thoroughly by Lewis" and his co-workers. 

Raynaud's disease is a vasospastic condition in which a period of 
arterial constriction is followed by reactive hyperemia and wide 
dilatation of arteries and capillaries in the affected digit. During 
the period of vascular spasm capillary pressure is extremely low, 
usually less than S mm. of mercury."” During recovery and its 
associated hyperemia, however, capillary pressure may for a brief 
period exceed 40 mim. of mercury, returning to normal as arterial 
tone once more increases. 

Moreover, in man the position of an extremity modifies capillary 
blood pressure profoundly, owing in large part to the hydrostatic 
effect of the column of venous blood. In one study!" pressure was 
measured in the arteriolar and the venous limbs of capillaries at the 
hase of the finger nail while the hand was supported in various 
positions relative to the suprasternal notch. When the finger is 
ihove the suprasternal notch, capillary pressure, even in the arteri- 
Jar limb, is frequently less than the colloid osmotic pressure of the 
»lasma proteins, that is, less than 26 mm. of mercury. As the finger 

lowered beneath the suprasternal notch, both venous and arteriolar 

apillary pressure rise until finally even venous capillary pressure 
xceeds the colloid osmotic pressure of the blood. 

These observations are mentioned to emphasize the extreme 

iriability of capillary pressure which, under certain conditions, can 
well above, or well below, the colloid osmotic pressure throughout 
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the entire capillary network. If the extremity is elevated or 
moderately cool, capillary pressure can be reduced to such an extent 
that filtration is impossible and absorption is favored even in 
arteriolar capillaries. ‘Trauma, local heat or dependency, on the 
contrary, elevate capillary pressure so that filtration is favored and 
absorption is diminished or abolished owing to excessively high 
pressure even in the venous portions of the capillary bed. 

Further development of microinjection methods made it possible 
to measure the filtration and absorption of microscopically small 
volumes of fluid by single capillaries of the frog’s mesentery. — If 
the flow of blood through a capillary be stopped suddenly by gentle 
compression with a glass rod, the corpuscles are at first distributed 
uniformly throughout the occluded capillary." If capillary pressure 
is approximately 11 em. of water, the corpuscles retain this distribu- 
tion indefinitely. However, if capillary pressure is higher, the 
corpuscles move toward the obstructing rod rapidly at first, then 
more slowly as fluid is filtered from the trapped blood. On the 
other hand, if pressure is extremely low, absorption of fluid from 
the tissue spaces separates the corpuscles slowly and they gradually 
move away from the obstruction. Knowing the initial rate of this 
corpuscular movement, the diameter of the capillary and the 
area of endothelium involved, the rate of filtration or of absorption 
can be computed in terms of cubic micra of fluid per square micron 
of capillary wall per second. The effect of capillary pressure on 
fluid movement can then be shown by charting the rate of filtration 
or absorption against the observed blood pressure.'© At capillary 
pressures In the vicinity of 11 em. of water there is, in the frog's 
mesentery, little or no fluid movement in either direction. Capil- 
lary pressures above this level produce increasingly rapid filtration 
while lower pressures permit increasingly rapid absorption. — It 
seems logical to regard 11 em. of water as the effective osmotic 
pressure of frog plasma measured against its natural membrane, 
because at this pressure no fluid movement can be detected. The 
straight line relationship between fluid movement and capillary 
pressure is in accord with physical principles and provides evidence 
that the capillary wall acts as a passive (7. ¢., non-secreting) mem- 
brane. The degree to which the rate of filtration is increased by 
unit rise in capillary pressure indicates that the capillary wall 
allows fluid to pass inward and outward with extraordinary facility. 
These semiquantitative observations led to the statement made 
previously that the frog’s capillary wall is 3000 times more perme- 
able to water than is the membrane of a typical cell. 

If fluid movement in man is governed by the balance between 
capillary pressure and the colloid osmotic pressure of the blood. 
two things must follow. In the first place, as mentioned by Krogh, 
a relatively small elevation of venous pressure must cause fluid 
to accumulate in the tissue spaces so that the erect human being 
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is constantly near to edema. In the second place, with any given 
capillary pressure, a decrease in the colloid osmotic pressure of the 
blood should be accompanied by increased filtration. 

In the normal human subject, the amount of tissue fluid is 
extremely small, and the capillaries are not suitable for direct 
measurement of fluid movement. Determining the rate of filtra- 
tion, therefore, requires that a plethysmograph be used. The 
ordinary plethysmograph registers not only changes in the volume 
of tissue fluid but also those rapid fluctuations of volume which 
are due to dilatation or constriction of the arterioles, capillaries 
and venules. The amount of fluid filtered by slightly elevated 
venous pressures is relatively small and such minor accumulations, 
when measured by the ordinary plethysmograph, may be either 
hidden or grossly exaggerated by simultaneous changes in vaso- 
motor tone. In order to avoid this source of error a special plethys- 
mograph was constructed!’ to measure at intervals the volume 
of a segment of forearm under an external pressure of 200 mm. of 
mercury. This pressure collapsed the venules, capillaries and 
arteries during each estimation and vasomotor changes did not then 
interfere with the measurement of the volume of extravascular fluid. 

When a pneumatic cuff of sufficient width is wrapped around 
the upper arm and then inflated, capillary pressure rises rapidly 
until it equals or slightly exceeds the pressure in the armlet.!© The 
relation between the rate of filtration and capillary pressure has 
been studied in man, therefore, by measuring tissue volume repeat- 
edly before, during and after graded venous congestion.'°"” Other 
things remaining constant, the higher the venous pressure, the more 
rapid is filtration as measured by increase in the volume of the 
congested forearm. At the end of the period of congestion, deflat- 
ing the cuff allows venous pressure to fall to normal and forearm 
volume returns to the control level as the fluid previously filtered 
is reabsorbed by the capillaries or conveyed from the tissues by 

Knowing the volume of the forearm within the plethysmograph 
and the total volume of fluid filtered over a given period, the rate 
of filtration can be calculated in terms of cubic centimeters of fluid 
passing per minute into 100 cc. of forearm tissue. When the 
observed rates of fluid movement are charted against venous pres- 
sure it appears that the rate of filtration is directly proportional 
to the venous pressure.!’? Filtration and the accumulation of 
tissue fluid can be detected by the plethysmograph at venous pres- 
sures as low as 15 to 20 cm. of water. In that sense man is always 
very close to edema but, fortunately, other factors prevent out- 
spoken edema from developing. 

At this point it seemed advisable to determine to what extent 
this filtration concentrates the blood as it passes through the con- 
rested capillary bed of the forearm. After the subject had been 
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recumbent for a suitable period, venous pressure in one forearm 
was raised to 20, 40, 60 or SO mim. of mercury while the other 
forearm served as a control.’ Unilateral venous congestion was 
continued for 30 minutes and then samples of venous blood were 
removed simultaneously from both arms. The heparinized blood 
was used to determine the erythrocyte count, cell volume, hemo- 
globin and plasma protein. Appropriate calculations showed that 
with a venous pressure of 20 mm. of mercury the amount of fluid 
lost by 100 ce. of blood is relatively small, not over 3 ce. The 
volume of fluid: filtered becomes greater with each increase of 
venous pressure. When the congesting pressure reaches SO mim. 
of mercury as much as 20 cc. of fluid may be filtered from LOO ce. of 
blood, representing a loss of approximately one-third of the plasma 
volume. 

Even though slight elevation of venous pressure produces con- 
siderable filtration, dependent edema does not appear in the erect 
human subject. Fortunately the tissues resist, at least temporarily, 
the distention produced by the accumulation of abnormal amounts 
of extravascular fluid. When venous pressure is elevated, filtration 
as measured by the plethysmograph is most rapid during the first 
5 minutes but then becomes slower and may even cease entirely 
though congestion continues. For example,” a venous pressure of 
60 cm. of water at first filters fluid at the rate of 0.16 ce. per LOO ce. 
of tissue per minute and, if this initial rate were to continue, would 
produce pitting edema in | hour. Tlowever, repeated measurement 
reveals that at the end of | hour fluid is accumulating in the tissue 
spaces at only one-quarter the rate observed during the first 5 min- 
utes. The appearance of edema is correspondingly postponed. 
At lower venous pressures, for instance 20 cm. of water, filtration 
may cease altogether even though venous congestion continues. 

Apparently extravascular fluid distends the tissue spaces by 
developing a tissue pressure which at the same time diminishes 
progressively the effectiveness of a given capillary pressure in 
producing further filtration. The physiologic importance of this 
tissue pressure is probably considerable. ‘Turner, Newton and 
Haynes* have shown that quiet standing places a distinct burden 
on the cardiovascular system, even to the point of producing dizzi- 
ness and fainting in a certain number of subjects. Under ordinary 
conditions a fairly large proportion of the human body is below 
heart level. Hydrostatic pressure in the veins favors the filtra- 
tion of fluid from the blood into these dependent tissues. The 
development of tissue pressure not only prevents the accumulation 
of edema fluid but also guards against the dangerous loss of fluid 
from the blood stream, the volume of which must be kept above 
a certain minimal level if circulatory function is to continue. How- 
ever, the mere fact that edema does develop eventually indicates 
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that this protective mechanism is effective only temporarily and 
that it fails under long-continued stress. 

The filtration produced in the human forearm by a given venous 
pressure depends also on temperature.” Warming the forearm 
from 14° to 44° C. approximately doubles the rate of filtration 
observed with a venous pressure of 60 cm. of water. This increased 
filtration is probably due to opening of capillaries which are closed 
at the lower temperature and possibly to increased capillary pres- 
sure secondary to the vasodilatation whieh heat produces. Drury 
and Jones® had found earlier that high temperatures increase the 
filtration of fluid in the leg when measured by changes in total 
limb volume recorded with the usual form of plethysmograph. 

It was mentioned previously that if Starling’s hypothesis is 
applicable to man, lowering the colloid osmotic pressure of the 
blood should increase the rate of filtration produced by any given 
capillary pressure. The association of hypoproteinemia with the 
nephrotic and nutritional types of edema offers presumptive evidence 
in this direction but additional observations on normal human 
subjects seemed desirable. ‘Thompson, Thompson and Dailey* 
showed that when the human subject stands quietly, blood volume 
is diminished by as much as 400 ce. as fluid filters from the blood 
into the tissues of the legs. This fluid contains relatively little 
protein so that the protein percentage of the circulating blood rises 
while the subject stands quietly. The physical effects of changing 
colloid osmotic pressure can be measured by comparing filtration 
rates in the forearm produced by a given venous pressure while 
the subject stands and then while he reclines. In each of 6 experi- 
ments standing elevated the colloid osmotic pressure of the blood 
and at the same time diminished proportionately the rate of filtra- 
tion produced by a given venous pressure.” Lowering the colloid 
osmotic pressure by | cm. of water increases the rate of filtration by 
approximately the same amount as does raising the venous pressure 
by 1 em. of water. The effects of these two forces on filtration are 
similar in quantity but opposite in sign, as would be expected from 
principles. 

The preceding discussion has summarized physiologic evidence 
that the normal capillary wall exhibits the properties of an inert 
(7. ¢., non-secreting) membrane and suggests indirectly from several 
angles that the capillary wall is relatively imperme able to protein. 
Chemical studies by Loeb" and others « “ompared the concentrations 
of electrolytes in edema fluid and blood serum without detecting 
any chemical evidence that the capillary wall behaves differently 
from collodion membranes which are permeable to water and 
electrolytes, but impermeable to protein. Though the electrolyte 
concentrations in blood serum and edema fluid are not quite identi- 
cal, these slight differences persist even though the two fluids are 
separated by collodion membranes instead of the capillary wall. 
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In general, these differences follow qualitatively the requirements 
of the Gibbs-Donnan principle and can be ascribed to the known 
physical forces affecting equilibria across semipermeable membranes. 

Drinker? and his co-workers have called attention to the high 
concentration of protein often found in mammalian lymph. ‘ihe 
protein content of lymph, which is formed slowly during rest, may 
be as much as 4.5¢,. Mild venous congestion prevents reabsorption 
of fluid and increases the flow of lymph. Under these conditions, 
the protein in lymph approaches 0.5¢7 and is occasionally even less. 
This protein must originally come from the capillary filtrate and 
indicates that small amounts of protein can pass through the 
capillary wall. Apparently filtered fluid is easily reabsorbed while 
protein, once outside the capillary, does not return to the circulating 
blood so easily. The studies of Clark® have shown that in the 
rabbit’s ear capillaries grow into an area, function actively for a 
time, then disappear to be replaced by others. This renewal of 
units is logical enough when wear and tear is taken into account. 
It is still entirely a matter of conjecture as to whether protein 
passes through the walls of immature and senescent capillaries in 
greater amount than through the walls of fully mature units. Of 
greater physiologic significance are the questions, “To what extent 
on the average does the capillary wall retain protein?”” and “Is the 
colloid osmotic pressure of the blood, as measured in vitro, very 
much greater than the effective colloid osmotic pressure of the 
blood tn vivo against its normal membrane, the capillary wall?’ 

The effects of high venous pressure on the blood passing through 
the congested forearm were mentioned previously with reference to 
the volume of capillary filtrate. These same observations,” involv- 
ing unilateral venous congestion, were used to estimate the amount 
of protein in this capillary filtrate. At a venous pressure of 40 mm. 
of mercury, no loss of protein could be detected in the normal 
human subject, but the amount of capillary filtrate at this pressure 
is so small that the result may well be discounted. At 60 mm. of 
mercury, the capillary filtrate was greater in volume and contained 
on the average 0.3% protein or 4°, of the total plasma protein, 
indicating that under these conditions tie capillaries of the human 
forearm are 96° efficient in retaining protein. 

Normally the amount of tissue fluid is extremely limited and it 
has not thus far been possible to obtain samples of capillary filtrate 
or tissue fluid for analysis. Edema fluid offers the nearest approach 
to tissue fluid, but interpretation of results is uncertain since inflam- 
matory or degenerative changes as well as reabsorption, if present, 
would tend to elevate the protein content of edema fluid above 
that of normal capillary filtrate. The mechanically produced 
edema fluids probably approach the original capillary filtrate in 
their protein content, or at least indicate roughly to what extent 
the capillary wall can retain protein even under abnormal conditions. 
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Subcutaneous edema fluid from patients with nephrosis usually 
contains from 0.02 to 0.26% protein. Subcutaneous edema fluid 
of non-inflammatory origin often contains less than 0.4°% protein. 
More information is needed, but in general it appears that the 
capillary wall in the extremities retains at least 95°; of the circu- 
lating protein. In man, this slight passage of protein would reduce 
the effective colloid osmotic pressure of the blood from 26 to 24.5 
mm. of mercury, a trifling alteration. Generalizations concerning 
other tissues are unjustifiable because local differences occur. It 
is well known that the capillaries of the liver permit protein to pass 
very freely. Although the mesenteric capillaries of the frog are 
relatively impermeable to protein, those of the skin, as shown by 
Drinker? and Conklin, allow protein to pass freely. 

We have seen that the capillary wall is extremely permeable to 
Huid and salts, and in general relatively impermeable to the colloidal 
plasma proteins. Between these two extremes are a graded series 
of dves whose passage through the capillary wall has been studied 
intensively by Rous and his associates.!® Capillary permeability 
to these substances is least near the arterioles and greatest in the 
venous capillaries and venules. The migration of these diffusible 
solutes, to which the capillary wall is more or less permeable, need 
not follow the current of water during either filtration or absorption. 
From present evidence the passage of these dyes is largely due to 
diffusion and under ordinary conditions is relatively independent 
of capillary pressure. Yet marked elevation of capillary pressure 
increases the passage of dyes everywhere along the capillary, so 
that under appropriate conditions the filtration of dyve-stained 
fluid can be superimposed upon pure diffusion of dye and may even 
obliterate evidence of local differences in endothelial perme ability. 
According to Peters'® the gradient of permeability to dves does not 
bear upon the validity of the Starling hypothesis which deals with 
forces that determine the passage of protein-free filtrate as a whole 
through a membrane which holds back protein. The Starling 
hypothesis does not deal with processes which determine the diffu- 
sion of simpler solutes to which the vessel walls are permeable. On 
the other hand, these dye studies have shown very beautifully the 
manner in which diffusion, in association with a gradient of per- 
meability, tends to equalize the distribution of simpler substances 
so that, as long as blood flow continues, tissue nutrition will be 
relatively constant even though fluid movement is grossly disturbed 
both in direction and rate. 

Although the capillary wall is in general remarkably efficient in 
retaining the plasma proteins, it also loses this power very easily. 
Elevating venous pressure to 60 mm. of mercury produces a mod- 
erate amount of capillary filtrate containing approximately 0.3% 
protein. — Elevating venous pressure to SO mm. of mercury increases 
the amount of capillary filtrate and the protein content may be 
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as much as 2.86¢. In these experiments capillary permeability to 
protein might have been increased either by simple distention or by 
anoxemia. 

Drinker’s® studies in dogs have shown that lymph flowing freely 
during exercise contains as much as 1.5°% protein. Muscular 
activity might increase capillary permeability by anoxemia, by 
increasing hydrogen-ion concentration or by changing carbon dioxide 
tension. ‘The capillaries of the frog’s mesentery are not affected 
significantly by varying hydrogen-ion concentration or carbon 
dioxide tension within physiologic limits, although well beyond 
the physiologic range the effects of injury are observed."? — Anox- 
emia, however, increases the permeability of the capillaries in the 
frog’s mesentery. The effective colloid osmotic pressure of the 
blood is reduced and fluid filters freely at capillary pressures of 
5 to 10 cm. of water whereas under normal conditions these pres- 
sures are associated with absorption. ‘The anoxemie capillary wall 
fails to retain the plasma proteins efficiently and the permeability 
to fluid is increased to 3 times normal. If anoxemia is not too 
prolonged these effects on permeability are reversible but prolonged 
anoxemia produces irreversible increase in permeability. 

Gross capillary injury leads to more obvious evidence of increased 
permeability. The conspicuous systemic effects of widespread 
damage to the capillary wall were recognized cliniéally even before 
war injuries directed the attention of physiologists and physicians 
to the shock syndrome and its relation to the capillary circulation. 
The local effects of gross vascular injury may be demonstrated and 
measured quantitatively by studying microscopically the ultimate 
functional unit of the circulatory system. Certain colloidal dyes 
perfused through single capillaries of the frog’s mesentery pass 
through the normal wall very slowly. If the capillary is injured 
mechanically by light pressure, the wall becomes highly permeable 
and these colloidal dyes. pass rapidly through the injured area, 
though still retained by the adjacent normal wall." Mechanical 
injury also produces “capillary stasis” in which the erythrocytes 
are tightly packed in the injured area, increased permeability 
having allowed the plasma and its contained proteins to pass 
through the capillary wall. Although chemical or mechanical 
injury increases capillary permeability so that protein passes with 
vase, the injured wall still retains India ink particles completely 
in the lumen. 

The quantitative effects of gross chemical injury have been 
measured in the frog’s mesentery, again using single capillaries. 
If the mesentery is covered with 50°, alcohol or 16% mercuric 
chloride solution, fluid leaves the capillaries with extreme rapidity 
and at abnormally low pressures. Increased capillary permeability 
allows the plasma proteins to pass with ease and prevents the 
development of the normal colloid osmotic pressure. Fluid then 
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filters into the tissue spaces at a rate which is approximately 7 times 
normal and at capillary pressures which, under normal conditions, 
are accompanied by absorption. In view of this seven-fold increase 
in permeability the rapidity with which shock or inflammatory 
edema develops does not seem so extraordinary. 

The normal capillary wall is impermeable to protein and the 
injured wall still retains minute India ink particles within the 
lumen of the capillary; but, nevertheless, leukocytes pass easily 
through both normal and injured wall. Drinker® has shown that 
excessive venous conge stion and muscular activity increase the 
number of red cells in lymph and yet no gross tears in the wall 
can be found. In the past, preformed openings in the capillary 
wall have been identified histologically but their existence has as 
often been denied. 

If a frog’s capillary be blocked at both ends and then an India 

ink suspension be injected by means of a micropipette into this 
closed capillary sac at pressures between 20 and SO mm. of mercury, 
the ink suddenly spurts through a few isolated spots and collects 
in the form of minute, localized and dense collections just outside 
the capillary wall. Apparently the wall is not uniformly resistant 
but contains certain “weak areas” which under high intravascular 
pressure can be made to open as distinct holes through which 
particulate material can pass. The internal pressure required to 
open areas of this sort in normal capillaries of the frog's mesentery 
ranges from 55 to SO mm, of mercury. In grossly inflamed capil- 
laries pressures as low as 20 to 30 mm. of mercury have oceasionaily 
been sufficient. The openings are more numerous in venous 
capillaries than in arterial capillaries; they appear suddenly when 
pressure is sufficiently high and close abruptly when pressure is 
lowered slightly. The capillary wall has not been grossly torn or 
ruptured by the distention. As soon as the pipette is withdrawn 
from the capillary, circulation is resumed promptly and has been 
observed to continue normally for as long as an hour without 
stasis, deposition of platelets or other evidence of trauma. What 
bearing these observations may have on the mechanism of leuko- 
cytic migration is a matter for conjecture only at the present time. 
(Chief interest attaches to the observation that the elements forming 
the capillary wall can be made to separate widely enough to allow 
India ink particles to pass without later evidence of permanent 
injury or grossly increased permeability to water or protein. 

In the preceding discussion, I have attempted to indicate a few 
of the known factors which influence the movement of fluid inward 
or outward through the capillary wall. Normal fluid balance is, 
strictly speaking, not a simple balance but a complicated equilibrium 
resulting from the interplay of numerous forces. The pathogenesis 
of edema, the result of a more or less complete disruption of this 
equilibrium, is even more complex because gross accumulation of 
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fluid depends in addition upon water intake, available sodium 
chloride, and the renal excretion of water. However, by combining 
available clinical and physiologic data the factors concerned in 
the pathogenesis of edema may be summarized tentatively under 
two heads (Table 1). Those listed as primary are fundamental, 
since each factor in. sufficient grade can itself produce clinical 
edema unaided by other forces. The contributory factors, on the 
other hand, do not themselves ordinarily produce edema, but usu- 
ally modify the severity or distribution of edema produced by one 
of the primary causes. 


TABLE 1.—Factrors IN THE PATHOGENESIS OF EDEMA. 


Factors favoring edema formation. Clinteal examples 
A. Primary: 
1. Elevated capillary pressure. - (a) External pressure on veins 
(b) Thrombophlebitis. 
(c) Cardiac edema with venous con- 
gestion. 
2. Lowered colloid osmotic pressure 2. (a) Nutritional edema. 
(b) Nephrotic edema. 
(c) Cardiac edema, late stages with 
malnutrition. 
3. Damage to capillary wall. 3. (a) Inflammatory edema. 
(b) Nephritic edema 
(c) Cardiac edema (?), chronic anox- 
emia. 
4. Lymphatic obstruction. . (a) Lymphedema. 
(>) Cardiae edema with venous con- 
gestion. 
B. Contributory: 
5. Low tissue pressure. 5. Edema of periorbital tissues and 
genitalia. 
3. High salt intake. }. Increases edema if water is available 
. High fluid intake. . Increases edema if salt is available. 
8. Warm environment. 8. (a) Heat edema. 
(b) Increases all types of edema. 
. Disturbed innervation. 9. (a) Trophoedema. 
(b) Unilateral edema in hemiplegia. 


1. The effects of elevated capillary pressure are seen whenever 
venous congestion is produced, whether by a tight bandage, by 
thrombophlebitis or by the venous congestion of cardiac decom- 
pensation. 

2. Low colloid osmotic pressure of the blood is primarily respons- 
ible for the edema of prolonged protein starvation and for nephrotic 
edema. In advanced cardiac disease with malnutrition, mild grades 
of hypoproteinemia are often associated with moderate venous 
congestion, the resulting edema being of mixed etiology. 

3. After gross injury, the permeability of the capillary wall 
increases seven-fold. The plasma proteins pass easily and the 
subcutaneous edema fluid contains from 1 to 67 of protein. This 
factor is the important one in the edema following burns, chemical! 
injury or severe infection. The edema of acute diffuse glomerulo- 
nephritis is often ascribed, on indirect evidence, to slight but wide- 
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spread capillary damage. It has been suggested but not proved 
that the prolonged slight anoxemia of cardiac decompensation may 
increase capillary permeability and therefore be partially responsible 
for cardiac edema. 

4. Impaired drainage of lymph, owing to congenital hypoplasia 
of lymph vessels, to external pressure or to recurring lymphangitis, 
is responsible for many unilateral collections of fluid. In addition, 
the edema of cardiac decompensation has been ascribed in part to 
obstructed lymph flow because the larger lymphatic vessels must 
empty their contents into congested veins. 

5. ‘Tissue pressure, as mentioned previously, is one of the factors 
which protects the normal human being from developing edema 
even when parts of the body are below heart level for relatively 
long periods of time. The resistance of the tissues can delay, but 
cannot prevent, the appearance of edema when venous congestion, 
capillary damage or reduced colloid osmotic pressure favor filtration 
continuously over long periods. The looseness of some tissues favors 
the early appearance of edema in certain sites where it may be 
recognized before being detectable elsewhere. 

6. When one of the primary factors favoring edema is present, a 
high salt intake leads to quantitative retention of fluid, making 
latent edema obvious or mild edema more severe. If salt intake 
be restricted fluid cannot be retained and mild or moderate edema 
of any variety is more or less reduced. This reduction of edema 
by restricting the intake of sodium chloride has been advanced 
as evidence against the applicability of the Starling hypothesis to 
the problem of edema. However, it would seem more logical to 
regard the altered fluid balance during salt restriction as an artificial 
equilibrium essentially a form of dehydration— which temporarily 
masks the underlying tendency toward edema formation. Cer- 
tainly relaxation of vigilance as to diet is followed by return of 
edema, unless the underlying primary cause has been corrected. 
Moreover, sodium chloride restriction does not usually relieve 
edema due to pronounced venous congestion or a very low colloid 
osmotic pressure. 

8. Heat produces peripheral vasodilatation, raises capillary blood 
pressure conspicuously and, through relaxation of capillaries, 
increases the area of capillary wall available for filtration. It is a 
matter of common observation that environmental temperature 
influences the volume of the extremities. Rapid fluctuations in 
volume are, of course, due largely to vasomotor influence but, in 
addition to this, slower changes in volume occur and these must be 
ascribed to the accumulation of tissue fluid. Patients with mild 
grades of edema will frequently volunteer the information that their 
swelling is worse in warm weather. Castellani! has described 
dependent edema in normal individuals when first exposed to the 
continued heat of the tropics. 
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9, Disturbed innervation rarely produces edema unless one of 
the primary factors is also operating in some degree. In cardiac 
patients, with latent or mild general edema, hemiplegia is followed 
at times by conspicuous edema of the paralyzed extremity. Lymph 
flow, which depends chiefly on muscular activity, is probably re- 
tarded by the paralysis. In addition, disturbances of innervation 
often produce temporary or permanent vasodilatation which favors 
filtration. 

Undoubtedly other factors, in addition to those listed, will be 
found to play an important role. ‘To mention but one example, in 
nephrosis a copious diuresis sometimes begins spontaneously and 
massive edema disappears even while the plasma proteins are still 
extremely low. Unravelling the mechanism responsible for this 
spontaneous resolution of edema may well provide a diuretic more 
physiologic and more constantly effective than those now at our 
disposal clinically. 

Although investigation since the time of William Harvey seems 
to have penetrated well into the capillary network, our knowledge 
concerning the nature of the capillary endothelium is still extremely 
fragmentary. ‘To judge from progress in the past 20 years, con- 
tinued research will in all probability demonstrate that fluid balance 
is affected by additional forces concerning which we have not the 
feeblest conception at present. Adequate control of the elementary 
forces so far described will at least make the search for these other 
factors simpler and more productive. 
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OBSERVATIONS ON BLOOD REGENERATION IN MAN. 


I. THE RISE IN ERYTHROCYTES IN PATIENTS WITH HEMATEMESIS 
OR MELENA FROM PEPTIC ULCER. 


By Semopr, M.D., 
COPENHAGEN, DENMARK, 
From the Medical Department B, Bispebjerg Hospital. Chief Physician: Professor 
BE. Meulengracht, M.D. 

As shown in a previous Communication," the rise in erythrocytes 
in patients with hematemesis or melena from peptic ulcer is much 
faster when these patients, from the first day of admission, are given 
a full purée diet and an iron medicament (Meulengracht treatment) 
than when they are submitted to the usual ulcer cure— in some cases 
even preceded by a few days’ fasting. 

But, besides a better regeneration, the time-erythrocyte curves 
from the patients given ample food show certain regularities which 
we do not see in patients on a more meager diet. ‘To demonstrate 
and try to analyze these regularly occurring phenomena is the object 
of the present communication. 
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Patients. In the years 1932 to 1935, blood counts have been made 
on 50 patients with hematemesis or melena. These all fulfill the 
following requirements: 

1. All patients have been given the full purée diet from the first 
day of admission. About three-fourths of the patients have been 
given iron from the first day; the rest have not received iron till 
some later date. These patients have not been omitted as they show 
the same rise as the others. 

2. In all patients hematemesis or melena is supposed to be a 
sequel to peptic ulcer. Patients suspected of cancer, cirrhosis of the 
liver, Banti’s disease, thrombopenia or other blood diseases— in 
fact, all other causes than ulcer of the stomach or the duodenum 
have been omitted. 

3. No patient having any known complication is included. 

4. The first blood examinations have been made between 2 and 7 
days after the last hemorrhage. 

The patients may be divided into groups according to year of 
admission, first letter of name, and so forth, and the results from all 
these groups coincide very nicely. So we do not believe that the 
number of patients, even if small, is too small to show the same re- 
sults that a larger number might be expected to do. 

Technique. ‘The technique has been the same as in our previous 
communication. The hemoglobin-standard has been 10067 Hb. = 
18.5% O». Blood for examination has been taken about once a week. 
During the first days— until a minimum value has been established 

—the blood has been generally examined more often. In about 
one-fourth of the patients, blood examination has been made every 
or every second day for the first fortnight, but the once-a-week 
curves agree very well with these. 

Elaboration of Curves. ‘lo give an impression of the form of the 
curves, we have (Fig. 1) picked out those patients whose name begins 
with the letters L to O as a representation of the total number. 

Observations. ‘The first item for observation when such a casual 
group is inspected is that in some patients the rise in erythrocytes 
begins at once (direct rise), while in others there is a pause or even a 
fall before the curve rises (indirect rise). There may be two causes of 
this phenomenon: either the patients do not make up their plasma 
volume in the same time or there is a difference in duration of 
hemorrhage. Some patients may only have one hemorrhage of 
short duration, others may bleed for some time after admission, or 
have repeated hemorrhages. Both influences may be at play but 
there is some evidence for the latter one. In some cases a hema- 
temesis has actually been observed during the fall in R.B.C. More 
indirect evidence is given in the following way: In patients whose 
blood has fallen to a level of less than 3 mill. R.B.C., we have for 
12 patients showing a “direct”’ rise an average of 11.5 + 1.0 days 
until the hemoglobin reaction (Gregersen benzidine test) disap- 
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peared from the feces. In 16 patients with an “indirect” rise (after 
a minimum) the corresponding time was 19.4 + 1.4 days (a differ- 
ence of 7.9 + 1.7 days). The patients whose initial values lie be- 
tween 3 and 4 millions do not show such a big difference in time of 
positive reaction. The average here is for 11 patients with a direct 
rise 15.3 + 1.7 days and for 6 patients with a minimum 19.0 = 3.0 
days (a difference of 3.7 + 3.5 days). 


RBC 


Zz 1 1 i 
20 
Days. 
Fic. 1. Erythrocyte-time curves from patients with names beginning with the 
letters L to O. Ordinate: Red blood cells in millions per ¢.mm,. Abscissa: Days 
after the first hemorrhage. 


Still, it must be borne in mind that the time of a positive hemo- 
globin test is much longer than the actual bleeding time.* What- 
ever the cause of the fall may be, it is evident that the rise must be 
reckoned from the lowest value and not from the first one. 

The patients whose counts at the beginning have not fallen below 
t millions (in all 5 patients), have shown a steady fall during the 
time of observation of 8 to 30 days. As no minimal value can be 
ascertained, these patients have all been omitted, The average 
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time for a positive hemoglobin test here is 13 + 2.5 days. When 
first the curves begin to rise, it will be observed that most of them are 
remarkably straight.* This is not alone dependent upon scarcity of 


R.ZB.C 
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Days. 


Fic. 2.—-Average rise of erythrocytes, dating from day of lowest value (‘‘indi- 
vidual regeneration lines’’). Ordinate: Red blood cells in millions per ¢.mm. Ab- 
scissa: Days after lowest value has been measured. Numbers on curves: Number 
of patients included in respective curve. 

Lines along ordinate: Range of lowest values included in respective curve. 


* Tn our first paper!’ the regeneration curves seem to be S-shaped. These curves 
were made as averages from 10 patients, dating from the day of hemorrhage. Some 
of these patients had a direct rise and some a fall at first, therefore, the average 
curves get a retardation at the beginning which is not found when the minimal 
value is the starting point. 
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determinations, as it is as well seen in patients examined daily as in 
those examined once a week. 

Still another point may be seen in Figure 1: that a// curces starting 
from different levels tend to mect somewhere about 40 days after the 
hemorrhage. We have not been able to follow the curves till normal 
values have been reached, as the patients have generally been dis- 
charged from hospital before that time; but in such patients which 
have been observed during a longer period, the erythrocyte values 
have not risen above this meeting point. 

In order to compare the rises from different levels, one must use 
the lowest value as a starting point and not the initial value. In 
Figure 2, average curves have been made, dating from the day when 
the lowest value was measured. 

As in Figure J, the curves show a definite tendency to meet. 
This tendency may be well illustrated by plotting the average 
daily rise for the first 20 days against the minimal blood count 
(Fig. 3). Only the 34 of the 45 patients who have been followed for 
more than 20 days after the lowest R.B.C. value was found are 
included in Figure 3. 

There is a distinct correlation between the minimal blood count 
and the daily rise in R.B.C. (Fig. 3). The more the patients have 
bled, the faster their blood mounts. A straight line has been drawn 
through the points and the difference along the ordinate between 
this line and the individual points (in millions of R.B.C.) has been 
taken as the personal error of the respective patient. The standard 
deviation is * 0.012 millions R.B.C. per day. The equation of the 
line drawn through the points which we have termed the “re- 
generation rate line’ may be expressed as: 


(1) (daily rise (in millions)) * 33 = 4.54 (lowest count of 
R.B.C. (in millions) ) 


1.54 is the point where all the individual curves tend to meet and 
where the regeneration rate line in Figure 3 cuts the abscissa; 33 is 
the number of days required to reach this point. This number is 
denoted by the inclination of the regeneration rate line. We think 
an explanation of the phenomena here observed: the straightness 
of the lines and the tendency to meet, may be found in the following 
theoretical considerations. 

Theory for the Mechanism of Regeneration. Vorm«a/ regeneration 
rate. We will suppose first that the hemorrhage in no way inter- 
feres either with blood production, or with blood destruction nor 
longevity of new-formed or old erythrocytes. It is assumed that 
the red corpuscles live under normal conditions somewhere between 
20 and 50 days. We know that normally the production and destruc- 
tion of erythrocytes balance each other in such a way that the num- 
ber is kept constant at about 5 millions per ¢.mm. in women and 5.5 
millions in men. Hemolytopoietic equilibrium” of Krumbhaar."') 
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With a life-span for the red corpuscles of 25 days, this means that 
out of 5 million cells, every day approximately 200,000 are destroyed 
to be replaced by 200,000 new-formed cells. If now a patient with a 
normal count of 5 millions R.B.C. in | day loses half his blood (and 
has no subsequent bleeding) he will after correction of volume 

have 2.5 millions left. The hemorrhage has taken place without 
any selection of the blood lost: thus the 2.5 millions left behind 
represent as well corpuscles formed the day before as those standing 
upon the threshold of destruction. The 2.5 millions therefore will 


>. 


Fic. 3.—Average daily rise in erythrocytes during the first 20 days after the day 
of lowest erythrocyte count, plotted against this value. Ordinate: daily rise in 
millions of red blood cells. Abscissa: lowest erythrocyte count. Each point corre- 
sponds to 1 patient. The line is drawn as an average (‘regeneration rate line” 


‘disappear in the course of 25 days: every day 100,000 will be 
destroyed. But if the normal production of 200,000 still goes on, 
there will be a surplus of 100,000 corpuscles daily; in 25 days 2.5 
millions. Thus the normal count of 5 millions will be reached at 
this date; the regeneration will be complete and the balance re- 
stored, the product of 200,000 from the first day after hemorrhage 
now being ripe for destruction. It will be seen (Fig. 4) that the 
curves of regeneration according to this theory are represented by 
straight lines, even if it might be expected that they will bend some- 
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what on nearing the normal level. The batch of erythrocytes from 
a single day probably do not all have the same longevity; the 25 
days are an average and the greater destruction which is to appear 
25 days after the hemorrhage will begin to be felt a while before. 
The straightness of the individual curves was one of the points ob- 
served above. 

RBC 

$ 


20 30 
Days. 


Fic. 4.—-Found average rise of erythrocytes compared to theoretical lines. Ordin- 
ate: Red blood cells in millions. Abscissa: days after lowest erythrocyte count. 
Full lines: found average values (from Fig. 2.) Dotted lines: Values obtained from 
application of theory. 


The mechanism of regeneration sketched here involves another 
of the points observed: namely that the curves will reach the same 
point in the same time. No matter what number of R.B.C. have 
been left after the hemorrhage, all of them will be destroyed in the 
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course of the lifetime of the last-born erythrocytes, to be replaced 
by the normal number of new cells formed within the same time. 
With the figures used in the first example: 5 millions R.B.C. with 
a life-time of 25 days as normal, a patient bled down to 1 million will 
destroy 40,000 a day, and with a production of 200,000 he will have 
a daily surplus of 160,000, thus making up the deficit of 4 millions 
in 25 days. In the same way, a patient who has 4 millions left will 
have a daily destruction of 160,000 and a surplus of only 40,000, 
thus using absolutely the same time for completion of his blood 
count as the patient who has lost four times as much blood. 
This theory may be summarized in an equation: 


(2) (daily rise) & (longevity of cells) = (normal value) 
(lowest value). 


As will be seen, (2) is very similar in form to (1), only in (1) instead 
of normal level another value has to be inserted which we have 
termed “end point of regeneration”? because the cells in our patients 
do not seem to rise any higher, at least for a time. If (2) is altered 
into: 


(2a) (average daily rise during a definite time) & K = (end 
value of regeneration) (lowest value), 


an equation of the form (1) will be covered by it. Kv in (2a) is a con- 
stant. It cannot in all forms of regeneration be supposed to give 
the life-time of the erythrocytes. 

(1), (2) and (2a) are only valid for a time not longer than the life- 
time of the erythrocytes. Thus we have found that the equation 
extracted from our experimental findings is very similar in form to 
the equation which results from our theoretical considerations. 

In Figure 4, we have repeated the average curves from Figure 2, 
and with dotted lines entered the lines of regeneration which result 
from an application of the considerations just evolved, using 4.54 
millions as an end point of regeneration and 33 days as the life-time 
of the red cells (or IX in 2a). 

As a preliminary result of our investigations, we may state that a 
set of theoretical lines cover the found values quite well. There is, 
indeed, a slight difference between the end point of the theoretical 
normal regeneration and that which we have found in our patients. 
Still, we think, the approximation is so good that we may continue 
our investigation along the lines entered upon. 

We are well aware that the time-erythrocyte curve is influenced 
by many factors and cannot a priori be taken as a sole and true 
picture of the rapidity of regeneration. We have registered as many 
of the influences coming into play in this respect as we could imagine. 
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Factors Influencing the Time-erythrocyte-curve During Regeneration After 
Hemorrhage: 

A. Continued bleeding. 

B. Alterations in total blood volume. 

C. Daily destruction of red blood cells. 

1D). Daily output of red blood cells depending upon: a, size of bone 
marrow; 6, intensity of work of bone-marrow; c, reserves of ready-built 
corpuscles; d, reserves of material for hemoglobin and stroma building; 
e, supply of new material, its resorption and further elaboration. 

kK. Longevity of old and new-formed erythrocytes. 

I. Individual normal level and other individual characteristics. 

Factors A and B will have a more indirect influence upon the apparent 
regeneration as expressed by the time-erythrocyte curves, C, D and E will 
be most important as the essential factors of regeneration. 

The influence of prolonged bleeding we think we have eliminated 
as far as possible by taking the lowest values. We cannot at present 
come any nearer to a solution of this question. The next point is 
the blood volume. It has been shown several times that at least the 
plasma volume is made up very quickly after a hemorrhage, in fact 
within hours. (Boycott and Douglas' (where older literature is re- 
viewed), Keith,'® Hirota,? Camero and Krumbhaar,? Robertson"). 
Some authors even have observed an overdilution. In the case of a 
very big hemorrhage (down to a hemoglobin per cent of about 20), 
the blood is not diluted at once; it seems there is a mechanism to 
prevent a fall of hemoglobin below this cipher (Robertson and 
Bock"). Blood losses of this order of magnitude have not been met 
with in our patients (min. Hg%: 35). In shock, too, the plasma 
volume is not made up. We do not have the impression that any of 
our patients have had shock of any great duration. The rapid 
restoration of the plasma volume especially takes place if the patients 
are given much fluid per os (von Limbeck,” Robertson and Bock"). 
This, indeed, has been the case in our patients (Meulengracht,"™ 
Schiodt"®). We have nevertheless taken the precaution not to in- 
clude blood counts from an earlier date than 24 hours after the last 
hemorrhage. 

Robertson and Bock, in man, and Camero and Krumbhaar, in 
the dog, have shown, that even if the plasma volume is made up at 
once, the total blood volume is not, the corpuscle volume remaining 
diminished in proportion to the deficit in number. A correction for 
this factor might be introduced into our computations, but it would 
make no alteration in the main fact: that all the curves from differ- 
ent level tend to meet in one point. 

Destruction, Production and Life-length of Cells. It is evident 
that there must exist an interrelation among these three factors. 
If blood corpuscles live rather independently and die at a certain 
age as any other biological population —an increase of destruction 
might be imagined to happen in two ways. Either, the cells might 
die at an earlier age than before or there might be instituted a new 
form of extra destruction in such a way that every day a certain 
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number of corpuscles were destroyed independent of their age. 
The latter mechanism, too, would mean a diminution in average 
life-time of all cells. Still, it would be most natural to reserve the 
term: shortening of life-time for the first mechanism and increase 
of destruction for the second one. 

Another theory, which perhaps has not been openly expressed, 
but which is tacitly involved by many assumptions about regenera- 
tion, supposes the second mechanism to be the normal one. In this 
way, destruction would be an active function of the organism. 
Among the cells destroyed every day all ages would be represented 
in proportion to their number. The average life-time of the cells 
would be a passive function of the number present, the daily pro- 
duction and the daily destruction. In this way, the longevity in the 
more active sense of the first theory would be of no interest and 
could possibly be omitted from calculations on regeneration. 

Let us look into the consequences of these theories. The first is 
the one we have followed in our previous theoretical considerations. 

According to this theory, anemia might be a sequel to either 
diminution of production, increase of destruction or shortening of 
the life-time of the red corpuscles. (In the latter case, erythrocytes 
might be imagined to be born with less resistance to age than 
normally.) With the figures used in our previous numerical ex- 
amples, a blood level of, for example, 4 millions might as well be the 
result of a daily production of 160,000 instead of 200,000, or an extra 
destruction or loss of 40,000, or a shortening of the life-time of the 
erythrocytes from 25 to 20 days. In all cases there would be an 
equilibrium between production and destruction at 4 millions. 
Factors which produce anemia will affect regeneration in the same 
way if they still are active. Regeneration, indeed, might happen in 
two ways. Either the noxious influence would fall away — and then 
regeneration must be assumed to follow the rate for normal blood 
exchange or a normal blood level might be reached by the intro- 
duction of some compensatory mechanism, for example, an increased 
production. In most anemias, we do not yet know which way is 
followed. 

It might to some extent be possible to see from the regeneration 
curves which factors were implied. If, as a sequel to hemorrhage, 
or to the disease which caused hemorrhage, the daily production 
were 160,000 instead of 200,000, the blood corpuscles would reach a 
level of only 4 millions (as long as production staved low); but this 
level would be reached in the course of the normal life-time of the red 
cells, 25 days (if this factor were not altered by the hemorrhage). 
On the other hand, if the average life-time of all red cells were 
shortened to 20 days, we should reach the same level but in 20 days 
In the case of increased destruction the question, as mentioned, ha- 
two sides. If only the oldest corpuscles were destroyed, we should 
not be able to discern this mechanism from the shortening of the 
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life-time. On the other hand, corpuscles might be destroyed or lost 
without respect to age. This might be imagined, if, for example, 
hemorrhage continued at a constant rate. The consequences of 
such a mechanism could only be demonstrated with the help of 
rather intricate mathematics. An equilibrium should not be reached 
within the life-time of the erythrocytes. 

These considerations may be applied to our curves. It will be 
seen at once that when the normal life-time of the red corpuscles is 
not known, it will be impossible from either of the theories named to 
see why a set of regeneration curves do not reach normal level. The 
fact that in our patients only 4.54 millions is reached might thus 
as well be due to a shortening of the life-time from 39 to 33 days as 
to a minus in production (or a plus to destruction) of about 25,000 
cells a day. This would mean a difference from normal of minus 15%. 
(As our group of patients consists of 9 women and 25 men, 5.37 
would be the average normal level. This number has been the basis 
of the preceding computations.) Still, even with a possible variation 
from 33 to 39 days, this way of finding the life-time of the erythro- 
cytes is not more insecure than other methods. The longevity 
found by us is well in accordance with the results of most of these. 
If patients with hemorrhage could reach normal level at once, we 
possibly should be able to come nearer to the point. In this case, 
the time for regeneration would correspond to the average normal 
life-time. 

When the normal life-time were known, we should be able to 
exclude changes in longevity as a cause to abnormal regeneration. 
Increased production might be evidenced by reticulocytosis, in- 
creased destruction by increased plasma bilirubin or by increased 
excretion of urobilin. 

Check and Stimulus. The rate of regeneration can be affected by 
changes in production, life-time or destruction of cells. Decrease 
of production, shortening of life-time or increase of destruction will 
be felt as a check, the reverse as a stimulus. From regeneration 
curves, we can only see the effect — check or stimulus; the cause— 
an alteration in production, life-time or destruction—can only be 
shown by indirect evidence. Combinations may be imagined, for 
example, increase of both production and destruction. In such a 
case only the stronger of the two would be felt. We have demon- 
strated that at normal blood-exchange rate, the normal blood level 
would be reached within the life-time of the erythrocytes. This has 
been formulated in equation (2). But in this case, any stimulus— 
and by a stimulus we could only mean any factor which would in- 
crease the daily surplus of cells— would invariably result in the normal 
level being surpassed. When normal rate gives normal level, we 
should in the case of a stimulus get an extra number of cells which 
would give a higher level. So far as we know, a rise above normal 
values has only in a few cases been met with in regeneration after 
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anemias. ‘Therefore, we have to admit of two possibilities: either 
normal blood-exchange rate may account for regeneration, or, in 
the case of a stimulus, an extra mechanism must be introduced to 
account for the fact that normal level is not exceeded. In some 
anemias, we have assumed that a noxious influence is still present in 
spite of regeneration. This would account for the fact that norma! 
level is not surpassed. But in the case of regeneration after a hemor- 
rhage which has stopped, we could not assume the existence of a 
stimulus without at the same time supposing a shorter life time or an 
increased destruction with rising blood counts. The latter theory 
has been adopted by Escobar and Baldwin.‘ 

How such a mechanism might be supposed to act depends on 
several factors. First, it would depend on the nature of the stimulus. 
It would be most natural to suppose that the stimulus is a function 
of the magnitude of the blood loss, linear, logarithmic or exponential. 
The stimulus, once started, might exist through the whole range of 
regeneration. In order not to exceed normal level, the regeneration 
at this point would have to be interrupted by a check of such a 
magnitude that the surplus was exactly neutralized. It would be 
more natural, however, to suppose that the stimulus would di- 
minish with rising blood counts in such a way that at a given moment 
it would be a function of the immediate erythrocyte count and not 
of the lowest one. But here, even with a linear correspondence of 
stimulus to blood count, we might expect individual regeneration 
curves which were not straight. We should find curves rising 
steeply at first and slowing down gradually until they approached « 
final level asymptotically. This mechanism might be compared to 
an increasing check. Only this check must mean more than a 
diminution of stimulus. It must indeed be active, that is, bring the 
rate lower down than normal, for only by the existence of such a 
check can a transgression of normal level be avoided. A stimulation 
of one part of the curve must invariably be followed by a check upon 
the latter part of it. 

Anyhow, our theory of a normal regeneration rate after hemor- 
rhage seems much more natural. The straightness of our individua! 
regeneration lines speaks against stimulus and check as functions oi! 
the immediate blood counts. There might be a stimulation of re- 
generation in our cases but then it would have to be uniform 
through the whole range of regeneration. Besides, there would hav: 
to be a check coming into play at normal level. Only this mechan- 
ism would be able to explain straight individual regeneration line- 

All this seems much more complicated than necessary when i 
fact all characteristics of the regeneration lines can be explained } 
the assumption of a normal regeneration rate. 

The existence of a check, on the other hand, is easy to demon- 
strate, as in this case the regeneration curves should not reach nor 
mal level. When the check was of the same magnitude throug! 
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the whole range of regeneration, the lines still would be straight. 
But acheck might bea funetion of the blood loss in the same way as a 
stimulus. In this case, the individual regeneration curves (if the 
check were not so great that there was no regeneration at all) 
would bend the other way: they would start slowly and then rise. 

Discussion. In our patients we have found a slight check. This 

is evident because the end point of regeneration is not normal level. 
How long the patients remain at this lower level is not clear; one 
month after discharge some patients do not vet give normal counts. 
The idea of a check, too, is supported by the behavior of the re- 
generation lines from patients starting from values above 4 millions. 
As mentioned, these patients show a fall, especially those coming 
from values above 4.60. As has been shown in a previous section, 
the size of the check can be assumed to be about 1567 of the normal 
blood exchange rate. Its nature cannot be made quite clear till 
we know the figure for the longevity of the erythrocytes better. 
From our individual regeneration lines and from the regeneration 
rate line, it can be seen that the check seems to be of the same size 
during the whole time of the regeneration and at all blood values. 

Even if we have to abandon the idea of a stimulus upon regenera- 
tion, still, we cannot deny that there is evidence of an increased 
marrow activity, such as reticulocyvtosis, nucleated red cells, leuko- 
cy tosis. The percentage of reticulocytes seems to bea function of the 
magnitude of the blood loss (Robertson and Bock"). But this in- 
creased production must be balanced by a check, and the check must 
be the stronger of the two. If stimulation and check balanced each 
other exactly, the result would be a normal regeneration rate; here, 
we get a deficit. 

Another explanation of the reticulocytosis might be the throwing 
out of a reserve. If the longevity of such a reserve were not another 
than for normal cells, it would not alter the regeneration curve, only 
its starting point. Generally, to be sure, such phenomena as reticulo- 
ceytosis, and so forth, have been interpreted as signs of increased 
marrow activity. 

A check of the sort found in our patients might be imagined if 
the treatment were not fully sufficient.* Perhaps, then, a still more 
intensive treatment ought to be given to these patients. This might 
consist in a food more rich in vitamins or in administration of a 
liver preparation. This last point, indeed, has been suggested 
several times and it has been shown to be effective in regeneration 
after hemorrhage (Cheney and Niemand,* and Gram*). 

* Another factor producing a check might be the administration of alkalies. This 
has been shown by Kellogg and Mettier (Arch. Int. Med. 58, 278, 1936) to inhibit 
utilization of dietary iron in the regeneration of hemoglobin in patients with peptic 
uleer. Our patients up till now have been given equal amounts of bicarbonate of 
sodium and subcarbonate of magnesia with 3°; of extract of hyoseyamus one tea- 


spoonful 3 times a day. This medication now has been discarded. 
VoL. 193, No. 3. MARCH, 1037 12 
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Concluding the discussion of our clinical data and theoretical 
considerations, we must state that in patients with hematemesis or 
melena from peptic ulcer, treated with the Meulengracht cure, 
the essential points in regeneration can be explained as a natural 
sequence to maintenance of a practically normal blood exchange rate. 

Without doubt our theoretical considerations may be applied to 
other forms of anemia. 

Literature. We have not been able to find much in the literature 
about the rate of regeneration. Hunter,’ however, in ISS6, was very 
near to making the same assumptions that we put forth here. In 
the handbooks, even up to quite recent dates, we find stated that a 
heavier blood loss demands a longer time for regeneration than a 
smaller one. Hirschfeld,* for instance, says: “The duration of the 
regeneration depends on the severity of the blood-loss and = the 
individual peculiarities of the organism as well as on the therapeutic 
measures.” This conception of the mode of regeneration implies 
the idea of a check; the severity of the check conforming to the 
magnitude of the blood loss. In fact, we have seen this mode of 
regeneration in patients with hematemesis and melena treated with 
fasting and ulcer cure. This will be more elaborately detailed in a 
following paper. This idea of the regeneration seems to have pre- 
vailed, no doubt, because most conceptions of acute posthemorrhagic 
anemias in man rest upon studies of hematemesis or melena and 
postoperative anemias, and these generally have been treated with 
the ulcer cure or similar diets. 

Practical Application of Theory. Besides giving an idea of the 
mechanism of regeneration, we think our way of expressing the rise 
in erythrocytes by a simple equation may be used as a standard 
for estimating the rise in individual cases. The same thing already 
has been done by Gram.’ He expresses the regeneration rate as 
the percentage of deficit in hemoglobin regained during the first 10 
days after admission. The deficit is defined as the normal mini- 
mum for the sex minus the first determination after admission. If 
this manner of proceeding has any justification, the regeneration 
rate expressed in this way must be a constant in patients having 
received the same treatment, independent of the size of the hemo- 
globin loss. Gram’s expression, then, can be formulated as 
(3) 10 (daily rise) 100 

(normal minimal value) — (value on admission) 
This equation will be seen to be identical in form with our (2a): 
(2a) (average daily rise) K K * (end value) — (lowest value). 

Grain’s expression is very handy for daily use but it does not imply 
anything that is not found in our equation too. Besides we think 
that 10 days is too short a time and ought to be replaced by a longer 
one, and we should here suggest 20 days. Finally Gram does not 
take into account new bleeding subsequent to admission. 

Summary. [rythrocyte-time curves are given for 50 patients 
with hematemesis and melena from peptic ulcer. These patients 
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have been given the Meulengracht treatment, a full purée diet from 
the first day of admission; most of them have received iron too. The 
individual curves seem remarkably straight. Starting from differ- 
ent levels, they tend to meet in one point, 4.54 millions R.B.C., 
33 days after the lowest erythrocyte value was measured. This is 
strictly in conformance to a theory for the regeneration, based upon 
the assumption of maintenance of normal blood exchange rate, 
which can be expressed by the equation: 

(average daily rise) & (longevity of erythrocytes) = (normal 

value) — (lowest value). 

This theory has been discussed at length. In our patients a slight 
check has been demonstrated which may be explained by the 
assumption of a 15°% diminution in production rate. 

The figure for the longevity of the erythrocytes, found in our 
patients, 33 days, is well in accord with the results from other 
methods. 

The practical applicability of our equation has been discussed. 

The author wishes to acknowledge his indebtedness to G. Rasch, Ph.D., for valuable 
assistance in statistical and mathematical treatment of this problem. A mathematical 


exploration of our theory by Dr. Rasch and the author will be fortheoming. Miss 
Lundgren and Miss Norman-Hansen have given technical assistance. 
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OBSERVATIONS ON BLOOD REGENERATION IN MAN. 


Ul. THE INFLUENCE OF SEX, AGE, FORM OF HEMORRHAGE, TREAT- 
MENT AND COMPLICATIONS ON ERYTHROCYTE REGENERATION 
AFTER HEMATEMESIS AND MELENA FROM PEPTIC ULCER. 


By Senor, M.D., 
COPENHAGEN, DENMARK, 
(From the Medical Department B, Bispebjerg Hospital. Chief Physician: Professor 
Meulengracht, M.D.) 
IN a previous communication? we have found that the daily rise 
in erythrocytes in patients with hematemesis or melena from peptic 
ulcer is dependent on the degree of anemia. This has been expressed 
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by an equation: RX 33 = 4.54 — (lowest erythrocyte value jin 
millions}). (Rois the daily rise in erythrocytes [in millions} during 
the first 20 days after the lowest value was found.) It was sug- 
gested that this equation might be used as a standard when the 
influence of factors like age, sex, and so forth are to be examined. 
Without such a standard, only patients bled down to the same 
level might be compared, as in our first paper on the rate of regen- 
eration as influenced by treatment.' The individual deviation from 
the standard has been expressed as the difference in daily rise (in 
thousands of R.B.C.) between the value found and the average 
value for the corresponding minimal erythrocyte count derived 
from the equation. The normal average values which form the 
basis of the equation have been made out from examination of 34 
patients without any known complication, dating from different 
years. All these patients have been given a full purée diet from 
the first day of admission. The rise in erythrocytes has been 
reckoned from the lowest value found. The standard deviation in 
these patients was 12 (thousands of R.B.C.). The data from these 
3+ patients have been tabulated in Table 1. In Figure 3? will be 
found a graphic representation of the equation and the deviations 
of the 54 patients tabulated here. 

In the present paper, the influence of sex, age, form of hemorrhage, 
treatment and complications will be examined. All erythrocyte 
time curves from individual patients have been treated in the same 
way, that is, the lowest erythrocyte value has been used as a start- 
ing point and the rise in red cells during 20 days after the day of 
lowest value has been taken as a measure for the rate of regeneration. 

Influence of Sex. Among the 34 patients are % women and 
25 men. The average deviations from the line are —3.2 and + 1.02, 
respectively; the difference 4.22 is only 1.1 & the mean error. 

Age. ‘The deviations are plotted against age in Figure 1. It will 
be seen that patients between 20 and 40 do not regenerate their 
blood any better than do patients between 40 and 60. Above 60 
we have only 2 patients, below 25 likewise 2. 

Form of Hemorrhage. Seventeen patients (3 women and 14 men) 
have had melena, 17 (6 women and 11 men) both hematemesis and 
melena. Patients with hematemesis do not average a lower blood 
count than patients with melena (average minimal values 2.75 and 
2.80). The average deviation from the standard regeneration line 
is +2.35 for the melena group and — 2.35 for the hematemesis group. 
The difference is too slight to be of any significance, being about 
the size of the mean error. This is quite remarkable; one might 
perhaps have expected a better regeneration in patients with melena 
only, as these at least have a theoretical possibility of regaining 
some of the lost blood through absorption during the passage down 
the intestinal tract. There is other evidence that such an absorp- 
tion does not teke place to any great extent. On microscopic 
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examination of the feces from patients with melena, one finds 
innumerable “ghosts” and even apparently intact red corpuscles. 


1.—Parients oN MEULENGRACHT TREATMENT. 
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M melena alone; H hematemesis and melena. The lowest erythrocyte value 
found is given in millions per ¢.mm., also the value found 20 days later. In the next 
column is given the average daily rise in red blood cells during these 20 days in thous- 
ands of red blood cells, and under “deviation” the difference between this value and 
the average rise as found from our equation, likewise in thousands of red blood cells. 
Under “Days + Bz” is given the number of days from the beginning of the hemor- 
rhage until a negative benzidine reaction has appeared in the feces. * 
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* Meulengracht (Acta med. Scand. Suppl., 59, 375, 1934) reckons the time for a 
positive benzidine reaction from the day of admission, and not from the day of 
hemorrhage. 

Then is found the day after admission on which iron was begun and in the last 
column is indicated whether the lowest value found was the first one (direct rise: d) 
or was found later as a minimum value and the rise thus an “indirect’”’ one (indicated 
by: i). 


Whipple and Robscheit-Robbins,® too, have shown that in experi- 
mental bleeding anemia in dogs, hemoglobin by mouth is not more 
effectual in promoting regeneration than other protein. It is well 
known that even very small volumes of blood ingested (down to 
5 ce.) give a positive benzidine reaction in the feces. This would 
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17 M 53 M. a 
IS M 66 H. i. 
19 M 12 HH. i. 
20 M 4 M. d. 
21 M 33 M. d. 
22 M 49 M. d. 
23 M 32 M. d. 
24 M 13 M. d. 
25 M DA i. 
26 30 H. i. 
27 M 28 M. d. 
28 M H. 
29 M 5A H. 32 12 +10 15 d, 
30 M 19 M. +23 19 d. 
31 M 34 M. 27 + 14 d. 
32 M M. +2S 20 1 d. 
33 M SO H. 4.76 22 3 19 11 i. 
M 55 HH. a. 85 |_| 14 —~ 26 1 d. 
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hardly be the case if blood were digested and absorbed to any great 
extent. 

Treatment. .!. /ron. Eleven out of the 34 patients were not 
given iron from the first day of admission. Only 5 of these had 
been in hospital more than 1 week until iron was given. The 
deviations for those patients are: —1, +9, —19, +10, —1 (average 

0.4). As the largest deviation is only —1.6 the standard 
deviation, there does not seem to be any retardation of the regen- 
eration. Of course no definite conclusion about the influence of 
iron can be drawn from such a limited number of patients, but we 
have felt justified in including them. b 
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B. Fasting and Ulcer Cure.— As already shown in another way,' 
we have found a very pronounced difference between “ulcer cure” 
and “ purée diet” in their influence upon regeneration. There is a 
difficulty in treating the curves of patients on ulcer cure in the way 
used in the present paper because a fall often keeps on for a very 
long time—in some cases, indeed, until the patients are given the 
purée diet, that is, about 28 days after admission. The counts of 
no patient on purée diet from the first day began to rise later than 
seventeen days after the last hemorrhage. In this way the estab- 
lishing of a minimal value for some of the patients on ulcer cure 
is impossible. When only patients showing a rise are included, the 
ulcer cure gets an undue advantage. Nevertheless, it will be seen 
from Figures 2 and 3 and Table 2 that there can be no doubt about 
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TABLE PaTIENTS ON ULCER CURE. 
M. Min. 20 d. Daily 
H. val. 

H. 21 
H. 28 
H. 66 
M. 92 
H. 93 
M. 
H. 
H. 
H. 
M. 
M. 
H. 
M. 
H. 
M. 


to 


tt 


Fic. 2.—Average individual regeneration curves from patients on ulcer cure. 
Ordinate: Red blood cells in millions. Abscissa: Days after a minimum erythrocyte 
value was reached. Lines along ordinate: Range of minimal values included in 
respective curve. Numbers on curves: Number of patients included in respective 
curve. All curves have been interrupted when patients were given the purée diet. 


| 
Pt. Devia- Days 
No. Sex. Aue tion + Bz. 
35 M 24 (—92) 23 
36 M 5S (—17) 17 
37 M 62 57 19 
38 M 35 —53 19 
39 M 34 —77 16 
40 M 4s —34 10 
41 M 53 -18 26 
42 45 —36 43 
45 39 —13 
44 43 —4]1 1S 
5 M 59 —4]1 27 
46 F 45 -28 
17 M 56 — 5 11 
4s M 33 — 4 S 
414 M 3l -20 44 
y 
2 
7O 2o 
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the great difference between the two treatments. In Figure 2 
will be seen average regeneration curves from 15 patients on the 
ulcer cure. The patients have been divided into three groups, 
starting from different levels. It will be seen that the rise from 
these levels is nearly parallel; patients with a large hemorrhage 
and a corresponding low minimum level demand a much longer 
time for regeneration than patients starting from a higher level. 
This corresponds to the older concept ion of the manner of regenera- 
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Fic. 3.—Rise of patients on ulcer cure. Ordinate: Daily rise of red blood cells in 
thousands during the first 20 days after lowest value. Abscissa: lowest red blood 
cells in millions. Line A: Average for 34 patients on purée diet from first day of 
admission (partly extrapolated). Line B: Distance of three times standard deviation 
from A. 


tion after hemorrhage2— But from the corresponding curves in the 
same paper’ (Figure 2), it will be seen that patients on the purée diet 
regenerate their blood in a strikingly different manner; here, all 
curves tend to meet and patients from a low level regenerate their 
blood as fast as patients from even the highest levels. As evi- 
denced in this paper, this corresponds to our conception of a 
normal regeneration rate. The patients on the ulcer cure, then, 
show a form of regeneration very far from normal. In fact, the 
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parallelism of the regeneration lines indicates that there must be 
a check of considerable size and that this cheek must conform to 
the magnitude of the blood loss: the more the patients have bled, 
the greater is the check. 

The same is seen in Figure 3 where the individual daily rise in 
patients on ulcer cure during the first 20 days after the minimal 
erythrocyte value was reached has been plotted against this value. 
The average line drawn through the corresponding findings from 
patients on the purée diet has been included and the difference both 
in manner of regeneration and rapidity of rise in the two treatments 
is clearly seen. No patient on the ulcer cure reaches the average 
for the patients on the purée diet (Line .f in Figure 3) and only half 
of them are above Line B, drawn in the distance of three times the 
standard deviation from 

Three of the 15 patients here included have fasted for a few days 
(being given ice-pills for thirst), but they have all had very little 
food and drink for the first week. The ulcer cure in this hospital 
at the time when these patients were treated (1929 1951) started 
with } liter of tea and nothing else, the next day was added ! liter 
of oatmeal soup. One or 2 days after was added another | liter 
of oatmeal soup and again | or 2 days later } liter of milk. 

Thus the patients were deprived both of drink and food. The 
check mentioned is not only prolonged bleeding. The feces of 13 
of the 15 patients on ulcer cure had a positive benzidine test for 
21.6 + 3 days. The average for the patients on Meulengracht 
treatment is 17.6 + 1.04; the difference is not significant, being 
only 1.3 & the mean error. 

Transfusion. A third factor inthe treatment besides diet and iron 
is blood transfusion. As only 5 patients who have been given blood 
transfusion have been followed long enough to get a curve of the 
rise in erythrocytes, the number is too small for any definite con- 
clusions. Two of the patients, furthermore, have bled down so 
low (O.S7 and 1.58 million, respectively) that we have no patients 
for comparison. But 3 patients with starting values between 2 and 
millions do not differ from the patients who have not been given 
atransfusion. The data are given in Table 5: 


Taste 3.— Patients GIVEN TRANSFUSION, 
Min Daily Devia- 
val rise. tion Remarks 
0 S87 112 + 1 From extrapolated average line, 
5S 37 —53 
25 oo + 0 
39 $2 +17 
55 70 +10 
The minimum values here are the lowest (and in all these cases the first) blood 
count after transfusion. All patients have been given purée diet. The patient with 
i defieit of 53,000 red blood cells per day had 4 severe hemorrhages and was given 3 
transfusions. She did not seem to have any complications but she was very delicate 
ind frail. This patient is the only one in this group who has not been given iron, 
rhe other patients only had | transfusion. The findings are seen in Fig. 4, 
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Blood transfusion in these 5 cases has not shown any definite 
efficiency in promoting regeneration. We find it quite remarkable 
that these patients show the rises expected from comparison with 
our standard patients. 
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Fig. 4.—Rise in patients given blood transfusion. Ordinate: daily rise in thous 
ands. Abscissa: lowest red blood cells (after transfusion) in millions. (All patients 
have shown a “‘direct’”’ rise.) Full line: Average for 34 patients not transfused. 
Dotted line: Extrapolation line. 


20 


From theoretical considerations, transfusion should not be 
expected to exert any influence upon the rate of regeneration. 
As mentioned, patients given the purée diet reach the same tempo- 
rary or final level at the same time. If the lowest blood value is 
heightened by means of a transfusion, the patients start from a 
higher level but this would not mean a more speedy regeneration 
as long as the blood transfused does not live any longer than the 
patient's own blood. And for this there seems to be no evidence. 

Hemorrhage From Other Diseases than Peptic Ulcer. ‘len patients 
having had melena or hematemesis from other causes than peptic 
ulcer have been tabulated in Table 4 and Figure 5. 

These patients all show a definite failure in reaching standard 
values. Some of the patients are not quite comparable to our ulcer 
patients, especially those with cancer who are of an age where we 
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have very little material for comparison (above 60). The erythro- 
cyte rises for the 10 patients have been inserted in Figure 5. All 
these patients, too, have been given purée diet. No. 59 was given 
a transfusion. 


Tasie 4.—Patrients with HeMoRRHAGE FROM OTHER DISEASES THAN Peptic 
ULcer. 
Min Daily Deviation Day 
Disease. No. SOX. Age. val. rise. from stand. Fe. 

.62 56 —32 

15 

.28 

09 


92 


‘ancer of stomach 
‘ancer of stomach 
‘ancer of stomach 
‘ancer of colon 


to to 


| 


‘irrhosis 

‘irrhosis 

‘irrhosis 

‘ardiac cirrhosis 
Banti's disease 
Banti's disease 


tom 


~ 


Cancer 
© Cirrhosis. 


* Ulcer with complications. 


7 2 3 


Fic. 5.—Rise in patients with cancer, cirrhosis of the liver or peptic ulcer with 
complications. Ordinate: daily rise in red blood cells. Abscissa: lowest value in 
millions. Full and dotted line as in Fig. 4. 
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Complications. our patients*who were given the same treat- 
ment as our standard patients and who like them had a hemorrhage 
from a peptic ulcer have suffered from some complicating disease. 
(Table 5 and Fig. 5). No. 67 was given a transfusion. 


Taste Patients with Perric ULceER AND COMPLICATION. 


Pt Min Daily Deviation Day 
Complication No Se g val rise from stand he 


Phlebitis —. 65 13 100 (+ 6) l 
Achylia, tertiary lues 66 I 53 56 29 3 
Undulant fever 7 J 15 2.72 17 37 
Coli-pyuria, cholelith. us 67 13 27 1 

It will be seen that most of the patients with complications show 
a definite lag in regeneration. "The complication in most cases has 
been some febrile disease. In the patient with achylia it is debat- 
able whether he really has had an ulcer; cirrhosis or cancer seems to 
us more probable. 

Two patients have had a complication of another sort: a constant 
bleeding from another source than the digestive tract. One, a 
woman of 40, had a chronic vaginal bleeding; the other, a woman 
of 55, a hemorrhagic nephritis with considerable loss of blood, 
Both these patients had a constant fall in erythrocytes during the 
observation time. 

One patient, a man, aged 70, had a melena | month and another 
melena 14 days before admission and hematemesis and melena 
2 days before admission. He rose from 1.82 to 3.29 million in 
20) days, thus having a daily rise of 74,000, only 9000 below the 
standard. This shows that even an old man after severe bleeding 
can rebuild his blood quite well when once the hemorrhage stops. 

Conclusions and Summary. We think to have demonstrated that 
our method for computing the regeneration rate and establishing a 
standard can be useful when such factors as age, sex, form of hemor- 
rhage, treatment and complications are to be investigated. The 
results are not very far from what might be expected; still, we find 
it quite remarkable that neither age nor sex, nor manner of bleeding 
seem to be of any great importance. Blood transfusion can alter 
the blood level immediately but has not been able to hasten regen- 
eration. The superiority of the Meulengracht treatment in rebuild- 
ing blood in these patients once more has been established. Compli- 
cations of different sorts show a retarding influence. 
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THE INTERRELATION OF VARIOUS SYSTEMIC HEMATO- 
POIETIC PROCESSES. * 


By Thro. R. Wauan, M.D., 


ASSISTANT PROFESSOR OF PATHOLOGY, MC GILL UNIVERSITY, 
MONTREAL, CANADA, 


(From the Department of Hematopathology, Pathological Institute, MeGill Uni- 
versity, Prof. Horst Oertel, Director.) 

Ir one traces the historical development of various branches of 
the biologic sciences one is impressed by the fact that many of them 
have followed a strikingly similar course in their method of progress. 
This consists first of an often long period given over to separation, 
identification and classification, with a great deal of stress put upon 
the recognition of specific entities. This is followed by a more 
recent period in which the interrelation of the previously separated 
entities is more fully appreciated and studied. “To mention several 
examples, in the inorganic world chemistry busied itself with the 
discovery of new elements until sufficient were found to lead to their 
orderly arrangement in Mendeléetff’s periodic system and now the 
gradual transposition of one into another is a recognized fact. 
On the other hand, in the organic world bacteriology has been con- 
cerned with the identification of new organisms, which were held to 
be quite distinct, but now the intimate relation and even probable 
interchange of many forms are appreciated. 

In the fields of pathology there are many striking examples of this 
same interesting fact. From the introduction of cellular pathology 
by Virchow to recent times the literature has been filled with 
articles dealing with the separation and identification of different 
disease processes. Nosology controlled the picture. Tumors have 
been divided and = subdivided with most detailed classification. 
This is important from the didactic standpoint, but one soon comes 
to realize these are but terms; no sharp divisions exist in Nature. 
We have overemphasized the precise pigeon-holing of these various 
growths. Similarly for teaching it is essential to define various 
types of inflammatory processes which come to stand out as entities, 
though as a matter of fact they are merely different combinations of 
simple fundamental biologic tissue reactions and hence cannot be 
sharply separated one from the other. 

No better example of this trend can be found than in the systemic 
hematopoietic diseases. Hodgkin,'’ of Guy's Hospital, in 1882, 
published a paper entitled “On Some Morbid Appearances of the 
Absorbent Glands and Spleen” and thereby called attention to a 
group of diseases, the separation of which was to occupy patholo- 
gists for a century. Virchow,2° in 1845, identified the leukoses; 


* Presented in somewhat abbreviated form before the Osler Reporting Society, 
Montreal, January, 1926. 
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Cohnheim,? in 1865, described the aleukemic form of Lymphosis* 
which he designated pseudoleukemia; Kundrat,” in 1803, separated 
off the lymphosarcomatoses; Paltauf,'’ in 1807, made a detailed 
study of lymphogranulomatosis; Sternberg!’ gave the name of 
leukosarcomatosis to a particular type and the forms with greenish 
pigmentation of the tissues were recognized. Then subdivision of 
the main groups arose as in Ghon and Rhoman’s® classification of 
the various forms of lymphosarcomatosis. As rarer cases were 
studied many so-called “atypical” types were introduced, and even 
occasionally very unusual new groups were added, as the case of 
myelosarcomatosis which we had an opportunity to report. 

There arose therefore a detail of classification and nomenclature 
which was quite beyond the grasp of those not particularly inter- 
ested in this problem. Clinicians found only confusion and no 
practical usefulness in the fine distinctions and it was quite in order 
that a reaction should sooner or later come. It did with the publi- 
cation, in 1926, by Minot and Isaacs," of Boston, of a paper entitled 
“Lymphoblastoma”’ in which they recommended grouping the 
whole series of systemic lymphoid processes including lymphogranu- 
lomatosis, lymphosis and lymphosarcomatosis under this term. 
Their suggestion met with a most favorable reception and use of 
the term has become quite popular among physicians. This step 
was very similar to the introduction by the American College of 
Surgeons of the term ‘osteogenic sarcoma’’ to designate a clinical 
entity which however was composed of various types of bone tumors 
having quite diversified histologic characteristics. 

Pathologists, as a rule, have opposed this use of the term lympho- 
blastoma. Ewing,’ in discussing the matter a year later before the 
American Association of Pathologists and Bacteriologists, expressed 
himself as follows: ‘‘Although we may not be able to find clear 
differences in all cases, how are we going to make progress by 
throwing them all into one category’ I would rather see the most 
minute differences emphasized and a classification based upon them 
until the time when the etiologic factors unify or divide the entire 
group.” Recently Krumbhaar,'' in reviewing the subject before 
the combined meeting of the American and Canadian Medical 
Associations at Atlantic City, raised objections to its use. He 
pointed out it implies from its etymologic structure a neoplasm of 
immature lymphoid cells, but is employed to designate a whole 
group of conditions many of which by all our criteria are not neo- 
plastic. He introduced instead, though rather apologetically, the 
less committal term “lymphomatoid diseases,’ which would merely 


* For sometime we have used the term “‘lymphosis’’ synonymously with ‘‘lymphatic 
leukemia” as employed by many clinicians and “‘lymphadenosis” as used by many 
pathologists. It thus becomes comparable on the lymphoid side to myelosis on the 
myeloid side. One thus avoids such paradoxical phrases as aleukemic leukemia or the 
use of a term as lymphadenosis which implies a disease of lymph glands for what is 
rather a process affecting the lymphoid system. 
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signify that they simulate tumors of lymphoid tissue. From the 
pathologic standpoint this name is certainly preferable, but it is 
not as handy and it is doubtful if it will come into common use. 

Now if you were to ask our brief and candid opinion of this 
whole situation, we should be inclined to answer the clinicians 
have called our bluff. We have ferreted out the most detailed 
differences in these conditions, we have classified and subclassified 
them and arranged them in a most complete sequence, but we have 
failed to emphasize the point, which is strikingly obvious at the 
bedside, namely, that they constitute a series of ¢nterrelated processes. 
The sharp separation of these diseases during the past hundred 
years has been the natural scientific development of the subject; 
the work was necessary, but it is time to reap the harvest. [low 
may this be done’ 

There are two possible methods of approach to the problem, 
of which, however, unfortunately only one is available to us. If 
we but knew the cause of these conditions it would probably be 
quite simple to demonstrate their interrelation from the etiologic 
standpoint. Tlowever, our knowledge here is more than grossly 
inadequate, it is practically negligible. The other method depends 
upon an analysis of the histologic processes involved in the develop- 
ment of the various pathologic lesions. In other words, we must 
show that these diseases differ only in modifications of a general 
proliferative reaction. The weight is thus shifted to the other 
foot, for we no longer emphasize the differences, but lay stress upon 
the similarities. 

Before elaborating on this method of approach, it might be 
advisable to review the genetic relationship of the various cells met 
with in these processes. It is most important to have this clearly 
in mind, for on it depends a proper conception of the pathologic 
lesions themselves. 

The hematopoietic system is simply that part of the much more 
extensive reticulo-endothelial svstem which is concerned with the 
production of the morphologic elements of the blood. It has two 
great subdivisions, the lymphoid and myeloid tissues which in extra- 
uterine life are met with principally in the three main organic 
entities — the lymph nodes, spleen and bone marrow. In the embryo 
and under pathologic conditions a much greater part of the reticulo- 
endothelial system may be given over to this blood cell forming 
activity. 

Throughout the whole reticulo-endothelial system, but most 
obviously in all the organic entities mentioned above, we meet as 
the fundamental and primordial root cell, a relatively undifferen- 
tiated and highly potential mesenchymal element known as the 
reticular syvneytial cell. These cells are quite large branching ele- 
ments with pale staining vesicular oval nuclei. Their processes 
fuse into a loosely arranged network and they lie in intimate relation 
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to argyrophilic reticular fibers. As stated, they are highly potential, 
for from them may be derived not only all the various morphologic 
elements of the blood, but also the specific cells of reticulo-en- 
dothelium and the fibrous connective-tissue series. They are not 
phagocytic. 


Macrophage 
Lymphocyte 


Cuart 1l.—Diagram of the genetie relationship of the principal elements of the 
reticulo-endothelial system. 


In forming the blood elements there seems good reason to believe, 
though the arguments for this cannot be gone into here, that these 
syneytial cells first differentiate into a large common primordial 
blood cell. This cell retains the ability to form either lymphoid 
or myeloid elements but loses the other potentialities and, as it 
never leaves the tissues to appear in the blood stream, is best 
designated a hemohistioblast.* — From it may arise either the lympho- 
blast or root cells of the lymphoid elements or the myeloblast of the 
myeloid tissues. On the other hand, from our synevtial root cells 
of the reticulo-endothelial system we obtain the highly phagocytic 
histiocytes which are so conspicuous in the lymph nodes, bone marrow 
and spleen and which as littoral cells line the sinuses of these organs. 
These cells are fixed but from them are derived the wandering 
histiocytes and large macrophages, which play such an important 
role in inflammatory reactions. These cells probably do not retain 
hematopoietic potentialities, but can develop into the various ele- 
ments of the fibrous connective-tissue series. It is obvious, there- 
fore, that we have present throughout the whole reticulo-endothelial 
system in these syneytial root cells elements which can quite readily 

* The term is used in a slightly different sense than by Ferrata who first introduced 
it. This conception of a common blood cell which differs from the primordial reticular 


mesenchyme but never enters the circulation and is essentially a tissue element may 
be designated as histoid unitarism, 
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under proper stimulations differentiate into a great variety of higher 
forms. 

Now that we have reviewed the vast potentialities of this system, 
let us consider for a moment the character of the tissue change which 
may take place. Nearly all of the various systemic hematopoietic 
diseases are concerned with cell multiplication, that is, they are 
proliferative in type. For years it has been customary in pathology 
to recognize two main types of this activity: one consists in the 
formation of new elements similar to the tissue from which they 
are derived and having normal functional activity. Such newly 
formed cells are always under complete environmental control and 
hence their multiplication is limited. This process is referred to 
as hyperplasia. The second type of activity consists in the repeated 
formation of cells, which are more or less atypical, fail to reach 
complete differentiation and retain, if any, only abnormal and per- 
verted functional activity. These cells have apparently lost the 
normal environmental restraint to growth and hence appear to have 
assumed a certain independence. This is referred to as neoplasia, 
or tumor growth. 

In our earlier studies on the hematopoietic system it became 
quite clear to us that the gap between these two types of activity 
Was too great to form an orderly sequence and that we must intro- 
duce a third form between them, for which we have used the term 
kataplasia. In this form which approaches hyperplasia on the one 
hand and neoplasia on the other, the cells do not reach complete 
differentiation and often show certain atypical features of develop- 
ment, but they still exhibit evidence of environmental control and 
lack the apparent independence of true neoplasms. 

The introduction of this intermediate type of activity has been a 
great help in interpreting and teaching the interrelation of the vari- 
ous hematopoietic processes, but imagine our delight when on 
applying the same idea to other parts of the body it became obvious 
that it was not merely a convenient term, but seemed to express a 
fundamental principle of the proliferation of cells under pathologic 
conditions. To mention an example, one finds in tracing the 
development of cancer of the breast from the simple epithelial 
hyperplasias an intermediate stage in which the cells lack complete 
differentiation and appear atypical but as vet are not emancipated 
and never at this stage exhibit metastases. 

We do not mean to imply by bringing up the distinction between 
these various types of proliferative activity and arranging them in 
a sequence, that in all cases of tumor growth one can readily dis- 
tinguish the three steps. Transformations of hyperplasias into neo- 
plasms undoubtedly occur without at least any apparent introduc- 
tion of the kataplastic phase. Tlowever, it is quite possible that 
under such circumstances the steps are taken too rapidly to be 
readily recognized. 
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To recapitulate, therefore, we may say that we have in the 
hematopoietic organs a system of cells, headed by the highly poten- 
tial syneytial reticular elements, which may under abnormal stimu- 
lation undergo a series of interrelated proliferative activities which 
vary all the way from simple hyperplasia, through kataplasias, to 
true neoplastic growths. Because of the diversified potentialities 
and the various grades of activity the possible end results as we see 
them in the patient are almost infinite. Some of them are doubtless 
more common than others and these have been identified and given 
various names as entities by different observers, but no sharp sepa- 
ration actually exists in Nature; our classification is purely arbitrary. 


| Lymphosarcomatosis Myelosarcomatosis 
NEOPLASIA Retothelsarcomatosis (large cell) 
| Multiple myeloma 
Lymphosarcomatosis Acute 
(smal! cell) 
Acute 
KATAPLASIA Reticulosis Subacute p Myelosis 
| Subacute Lymphosis 
Ch 
ymphogranulomatosis " 
(Hodgkin’s) Giant follicular (Brill) 
pseudoleukemia 
infantum 
HYPERPLASIA < Gaucher's disease, etc. Status lymphaticus Myeloid metaplasia 
Irritative reactions Irritative reactions 
Irritative reactions (lymphocytosis) (leukocytosis) 
Recticular Lymphoid Myeloid 


CuHart 2.— Diagram of the interrelationship of various diseases of the reticulo- 
endothelial system, 


Should we desire for didactic purposes to chart the interrelation 
of these processes with the well-recognized disease entities, we 
might do so as follows: We erect three tall coluinns representing 
the three main forms of the proliferative activity of the reticulo- 
endothelial system, first the myeloid, second the lymphoid and 
third the reticular form. At the bottom of these we place the 
hyperplasias, above them the kataplasias and at the top the neo- 
plasias. 

In the myeloid column as we ascend we meet first the marked 
myeloid hyperplasia, associated with long-continued leukocytosis, 
as in chronic sepsis. This reaches an extreme degree bordering on 
kataplasia in the anemia pseudoleukemia infantum of von Jaksch. 
We then in ascending to the kataplasias enter the more chronic forms 
of myelosis, which grade all the way up through the subacute to 
the acute sarcoid types, having many features of true tumors, 
while at the top rest the multiple myelomata and myelosarcomatosis. 
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In the lymphoid column we first have simple hyperplasias which 
are met in many irritative processes and which reach a higher degree 
in status lymphaticus and the giant follicular hyperplasia of Brill. 
We then encounter among the kataplasias the chronic lymphosis of 
adults, the subacute form of childhood and then the acute form only 
met with in infancy. Above this we pass into the lymphosarcoma- 
tosis of Kundrat. 

And in the third column of reticular activity we place among the 
hyperplasias at the base, first the simple irritative hyperplasias and 
those associated with the highly phagocytic storing capacity of the 
cells as expressed in Gaucher's disease and similar conditions. 

Above these and approaching the kataplasia because of the 
abnormal and often atypical features of the hyperplastic activity 
comes Hodgkin's disease, or lymphogranulomatosis. With it are 
often certain exudative features and the laying down of abundant 
collagenous fibers. Corresponding to the leukoses of the lymphoid 
and myeloid series we have here the rare and only recently described 
reticuloses, and finally in the neoplasms the true reticular-cell 
tumors, or retothelsarcomatoses. * 

It is interesting to note that in lymphogranulomatosis we quite 
frequently have an ascending of the scale into a neoplastic process 
known as Hodgkin's sarcoma. It is a tumor of the reticular ele- 
ments. 

This is a convenient chart for didactic purposes, but its principal 
value is that it impresses upon us the artificial character of our 
divisions into entities and the interrelationship of the whole. With 
it the interpretation of atypical and so-called intermediate cases 
becomes comparatively simple, at least we rest in the assurance 
that we have a reasonable explanation for their occurrence. 

lor example, we recently observed a case having all the gross 
pathologic features of lymphosarcomatosis but with a leukemic 
blood picture. Histologic examination revealed a form of prolifera- 
tive activity lying between the kataplastic lymphosis and neoplasia. 
This approach to the kataplasias evidently allowed for entrance of 
the cells into the blood stream. Such a case is hard to classify, but 
simple to understand. 

Another phenomenon which it has helped us to interpret is the 
fact that acute myelosis is so much more common than acute 
lymphosis, while myelosarcomatosis is much rarer than the corre- 
sponding lymphosarcomatosis. If we apply the principle of inter- 
relationship it seems quite certain it is because the lymphoid cells 
cease to enter the blood stream at a much lower point in the column 


* In our discussion of the cytogenesis of the blood elements we have purposely 
avoided introducing the monocytes as a separate line of blood-cell development. 
While we quite appreciate there are many points favoring the trialistic view from the 
experimental fields, this is not supported in our experience by the hematopoietic dis- 
eases as they appearin man. We have as yet to see a so-called ‘“‘monocytic leukemia” 
which on careful study and following of the case did not prove eventually to be a 
myelosis. 
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than the myeloid cells and consequently we assign to the lympho- 
sarcomatosis a larger portion of the lymphoid column, while the 
corresponding myeloid area comes under the myeloses. 

Another problem which has always been the subject of a great 
deal of argument in pathology seems to be quite readily explained 
by this conception. For years lymphogranulomatosis has been 
looked upon as an inflammatory process while lymphosarcomatosis 
was neoplastic, still there appeared to exist intermediate types 
between the two conditions. The confusion has been due to the 
impossibility of defining the limits of what one considers inflamma- 
tory. After all, the predominating features of Hlodgkin's disease 
are proliferative and the high potentiality of the reticulo-endothelia! 
tissues can explain the great variety of histological pictures which 
occur in this condition, even to the formation of the collagenous 
fibers. If there are certain exudative features it does not alter the 
fact that the process is primarily the result of certain biologic 
influences which stimulate the cells to proliferation and which as in 
all these diseases are brought to bear on the reticulo-endothelial 
tissues. 

It is interesting to note that there is a great deal of support for 
the idea of the interrelationship of these diseases from the experi- 
mental fields. Fisher-Wasels* and his co-workers have been able to 
produce, in animals treated over a long period with tar, by the 
injection of indol, various types of reaction which in some cases take 
the form of lymphosarcomatosis, in others either lymphoid or 
myeloid leukemias. Also Furth,® at Cornell, has caused the devel- 
opment in chickens of a great variety of reticulo-endothelial reactions 
by means of a single filterable reagent. These vary all the way 
from hyperplastic processes to what he is satisfied to consider 
tumors. That is, it has been shown experimentally that the same 
etiologic factor can produce reactions in the reticulo-endothelial 
system which fall into different entities of our classification. This 
is a very convincing corroboration of our views and a death blow 
to any conception based on the specificity of each condition. 

To our minds it is quite as ridiculous to draw a sharp line between 
many of these hematopoietic diseases as it is to separate clearly the 
various histoid tumor growths ranging from the highly differen- 
tiated fibromas down to the very immature spindle-cell sarcomas. 
Such divisions are arbitrary, and only a convenience for purposes 
of classification, record and teaching. They do not exist in Nature. 
At the same time no one would recommend giving them up. They 
serve a very distinct and useful purpose with this limitation. 

To the clinician they should remain as diagnostic disease entities, 
but he should ever bear in mind that transition types may readily 
occur and consequently a sharp separation may frequently be quite 
impossible. On the other hand, the pathologist, and more particu- 
larly he who is responsible for the diagnosis of biopsy material, 
should find the concept outlined here very useful. There is a distinct 
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difference approaching a slide of enlarged Iyvinph gland, for 
instance, with the idea of placing its lesion at once in one of the 
well-recognized hematopoietic diseases, from first analyzing the 
nature and character of the proliferative changes which have taken 
place and determining the position which it occupies in a series of 
closely related processes. 

Summary. Our identification and separation of the various 
disease processes of the hematopoietic organs which are character- 
ized by proliferative activity have reached a stage where it is 
advantageous to take cognizance of their interrelationships. This 
may be done by consideration first of the genetic relationship of the 
various cells of the reticulo-endothelial system, and second, the 
types of proliferative activity which they undergo. On this basis 
these various diseases form a quite definite series which blend from 
one into another. Moreover, by such a conception the interpreta- 
tion of many so-called atypical forms becomes comparatively simple 
and intelligible. 
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DurinG the past few years it has been the opportunity of one of 
us (E.S.T.) to manage medically a number of patients who at some 
previous date have been subjected to a subtotal gastrectomy. The 
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literature on the postoperative results attending this type of surgery 
is not meager. However, a goodly portion of it is relative to 
isolated physiological phases of gastric function rather than to the 
clinical status of the patient at varying postoperative periods. 

Two questions seemed to us of importance in a postsurgical study 
of partially gastrectomized patients. First, are there enough after 
results of gastric resection, common to all cases, to allow the physi- 
cian to anticipate to his patient what he may expect as the result of 
surgery? Second, may any phase of the patient's preoperative con- 
dition particularize to that individual what his postoperative state 
is most likely to be? 

In an endeavor to answer these questions, we have studied an 
admittedly small series of 26 partially gastrectomized patients. 
This survey included a stool analysis, study of the gastric secretory 
function, the hematology of the patient, a Roentgen ray study of the 
stomach, and careful interval history since the date of operation. 

In this group of 26 patients, 16 were operated upon for duodenal 
ulcer and 10 for gastric ulcer. Table 1 gives the comparative time 
since operation, sex, and age at the time of the present analysis. 
The longest period of time since operation was 12 vears; the shortest 


was 5 months. 


TABLE 1, 


Males 
Females — 9 
Operation less than | year 6 
Operation between 1 and 5 years 11 
Operation over 5 years ago 9 
Age at time of present analysis: 

30 to 40 


50 to 60 6 
60 to 70 
70 to SO 


All the cases were operated upon by one surgeon, and according 
to the technique of Richter.” This operation has its origin in the 
second operation of Billroth and consists of a wide resection of the 
stomach including especially the lesser curvature and magenstrasse, 
with an end-to-side gastrojejunal anastomosis. The lesser curvature 
border is closed partly to make a spur which tends to prevent the 
passage of stomach contents in the wrong direction (Fig. 1). 

In short, the operation is a subtotal removal of the lesser curvature 
and distal half or more of the stomach, spur formation at the lesser 
curvature and a vertical position of the stoma in the standing posi- 
tion of the patient. This leaves approximately 40% of the fundus. 

From a physiologic standpoint, gastric secretion is divided into 
four separate phases and is not a single response to the stimulus of 
food intake. The primary or cephalic phase is initiated by seeing, 
tasting, smelling and swallowing food, starting almost immediately 
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and lasting about 15 to 30 minutes.'* The mechanism of stimulation is 
probably through the vagus nerve. The secondary phase is initiated 
when food chemically stimulating the pylorus of the stomach causes 
the fundus, wherein the gastric glands are located, to secrete. 
According to Ivy this phase is hormonal or secretogogue in type, 
as isolated fundic pouches in dogs, where an extrinsic nervous 
mechanism cannot be associated, will secrete upon chemical or 
mechanical stimulation of the antrum with food. Wlein and Arn- 
heim" report similar results. Priestly,!* however, feels that the re- 
moval of the antral phase in dogs, at least, does not effect the con- 
centration of gastric secretion from the gland-bearing fundus. The 
third phase is intestinal, appearing late, probably 1 to 6 hours after 
food intake.’ Very little is known about this phase of gastric secre- 
tion. The fourth factor is the spontaneous or continued secretion, 
varying in amount from 2 to 50 ce. and independent of food intake.! 
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Fic. 1.— Richter: Diagram of Surgical Procedure. (Courtesy of Surg., Gynec. 
and Obst.). 


A considerable amount of statistical data has been published 
concerning the influence of resection of the antrum of the stomach 
upon the secretion of hydrochloric acid in both duodenal and gastric 
ulcers. Klein", in a series of over 100 cases of partially gastrecto- 
mized patients, found a wide variation in the acid secretion, ranging 
from complete achyliagastrica to hypersecretion. He concluded 
that in removing only one phase of secretion, namely the antral one, 
and leaving the three other factors concerned, the end result de- 
pended entirely upon what per cent of the total secretion the antral 
Dhase played. This is undoubtedly an individual variable. Patients 
whose pre-operative gastric secretion was due in a large percentage 
to the antral phase consequently would tend to have a lower post- 
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operative acidity if that factor was removed. Another factor he 
concluded is the reflux of neutralizing substances into the stomach, 
namely pancreatic juice and bile. Even the test meal and saliva 
tend to neutralize the existing free hydrochloric acid. Their achlor- 
hydria patients were found to occur more frequently in those cases 
operated upon for gastric ulcer than for duodenal ulcer, explained 
in part probably by the fact that inhibitory impulses to gastric 
secretion originate in the early duodenum,'® and possibly removal 
of these inhibitions tend to permit greater secretion. Comfort 
and Osterberg! found only 20°; of their partially gastrectomized 
patients to have an achlorhydria, using, however, histamine and 
not a test meal as a diagnostic means. According to their interpre- 
tation, since Priestly? showed that the removal of the antral portion 
of the stomach in dogs did not influence the concentration of free 
acid obtained from the fundus, and that the antral mucosa appar- 
ently did not play an essential part in the formation of a hormone 
necessary to the chemical phase of secretion, there was therefore 
no reason why the cells should not secrete as well postoperatively 
as before operation. Shapiro and Berg, after a subtotal gastrect- 
omy and double vagotomy in dogs, induced only a temporary re- 
duction in gastric secretion (acidity) which was followed by a return 
of acidity and secretory function. Lorenz and Schur" reported 
75% of their patients with subtotal gastrectomy to have an achlor- 
hydria. Lewisohn," in 1927, reported 77° anacidity after opera- 
tion. concluded that an immediate hy poacidity and achlor- 
hydria in 78°% of cases operated upon for gastric ulcer and 1S©;, for 
duodenal ulcer occurred and that these percentages rose to 1006 
and 66° respectively after 6 months. 

Gastric Secretion. Our method of secretory analysis consisted in 
passing a Rehfuss tube into the stomach, and then retracting it 
just beyond the sphincter action of the cardia whereupon air could 
be aspirated from the esophagus. The tube was then again lowered 
not over 3 to 5 ce. into the fundus of the stomach. This procedure 
we feel could not have allowed the tip of the tube to lie in the 
jejunum. A fasting specimen and 15-minute specimens of gastric 
juice for 23 hours were removed from the stomach, after a test meal 
consisting of two slices of bread and 400 ce. of water was given. 
One patient received SO cc. of 736% alcohol in place of the bread and 
water meal. All gastric analyses were taken in the morning and 
upon an empty stomach. Eight achlorhydria patients were given 
0.5 mg. of histamine hypodermatically after they failed to show free 
acid with the above-mentioned meal (Table 2). 


TABLE 2. 
Number of patients with free acid : 9 
Number of patients with an achlorhydria 17 
Number of patients given histamine Ss 
Number of patients showing acid after histamine 3 
Number of patients having bile in fasting or first specimen 2 
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As may be noted, 17 of the 26 cases of partial gastrectomy in 
our series (657) had an achlorhydria with our technique of investi- 
gation, leaving 9 cases (35° ,) with working free hydrochloric acid. 
By working free hydrochloric acid is meant enough acid present to 
be expressed in a measured degree with T6pfer’s reagent when 
titrated against N/10 sodium hydroxid solution. The combined 
acid was not interpreted as a measure of the degree of the secretion 
of hydrochloric acid, as in none of our cases did we find a combined 
acidity of over S° when free acid was not demonstrable. Neckeles 
and Scheman," using continuous aspiration and titration of succes- 
sively minute amounts of gastric secretion, found some free acid in 
very small amounts in 1S of 20 patients with partial gastrectomy. 
However, such small amounts are inadequate for normal digestion 
at least from a clinical standpoint, and may be explained in part on 
the basis of the spontaneous or continuous secretion.! 

Of the patients with measurable amounts of free hydrochloric 
acid, 5 had free acid of less than 5° in all specimens, the remaining 
4 having a higher range between 10 and 50°. We have purposely 
not included those patients showing free hydrochloric acid only 
after histamine stimulation, because we feel as do many others, 
that the secretion following histamine is not a normal secretory 
response as is the response to food intake. There are three reasons 
for this viewpoint. First, histamine is a powerful chemical stimulus 
of the gastric glands themselves. Second, the other three above 
mentioned phases of gastric secretion are not included. Third, the 
nature of the secretion is in a pure state, undiluted with test meal 
or saliva. However, S patients presenting an achlorhydria were 
given histamine and 8 were found to have free acid after the injec- 
tion. This left us with the supposition that the remaining 5 patients 
were absolute achlorhydric cases. 

The question of the neutralization of gastric secretion by the 
reflux of pancreatic secretion and bile is frequently considered 
as a factor in the production of, or rather the interpretation of, an 
achlorhydria. It has been stated that the value of histamine in the 
study of chemical values after partial gastrectomy, lies in disclosing 
free acid marked by the neutralizing influence of the base in the re- 
gurgitated duodenal or jejunal contents. That, at least in our 
patients, the reflux of bile is not uncommon, can be concluded from 
the fact that 12 of the patients in our series had a trace of bile in 
either the fasting specimen or first 15-minute specimen after the 
meal or both. Only 2 patients having bile in their fasting or first 
specimen were found later to have a measurable amount of free 
acid. In the 7 remaining cases of the original 9 having free acid, 
no bile was found at any time. 

Seven of the 9 cases having postoperative free acid (77%) had 
been operated upon for a duodenal ulcer. This is in accord with the 
findings of Klein, namely that duodenal lesions are more apt to 
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have an adequate amount of free acid after operation than are those 
patients operated upon for gastric ulcers. An effort was made to 
correlate the incidence of a continued high postoperative curve 
with a high preoperative curve. Of 8 cases with free acid before 
operation of over 50°, only 4 had postoperative acid at all, and of 
these, the highest degree of free acidity was 32°. Thus we concluded 
that a high pre-operative curve does not necessarily mean that the 
patient will have a high postoperative curve, and in reality he has, 
at least in our small series, a 50% chance of having an anacidity. 

Postoperative Anemia. The question of the occurrence of an 
anemia following subtotal gastrectomy and its interpretation is, as 
yet, only partly understood. Castle, Townsend, and Heath? 
postulate that an intrinsic factor is necessary for the development 
of a substance which causes red blood cells to mature, and that this 
substance is present in the gastric juice obtained from apparently 
normal individuals, but not found in the gastric juice of patients 
with pernicious enema and achlorhydria. Meulengracht proved 
that in the pig, at least, the pyloric glands and Brunner’s glands in 
the duodenum were the productive sites of Castle’s intrinsic factor, 
the fundal glands being inert from this standpoint and the glands of 
the cardia still open to question. Unless the intrinsic factor exists 
at least in part in the human duodenum, one might well suspect 
that the subtotally gastrectomized patient was being deprived of 
the necessary antanemic factors and that some form of anemia 
should be found in these patients. 

Ivy, Morgan and Farrell? suggested, after observing partially 
gastrectomized dogs up to 10 years after operation, that the factor 
of safety in the digestion of protein and iron was reduced, because 
all their female dogs developed a secondary or hypochromic anemia 
when the added strain of pregnancy was imposed, apparently re- 
sponding, however, immediately to subcutaneous iron without a 
change in diet. Rosenthal and Abel found in a series of 114 
cases of subtotal or total gastrectomy, no cases of pernicious 
anemia; however, 14% had a varying degree of secondary anemia. 
Walton™ found only 6 instances of secondary anemia in 794 cases. 

In an effort to determine what the blood pictures were in our 
group of 26 cases, each was subjected to a complete blood count and 
smear, hemoglobin determination with a Sahli hemoglobinometer 
and hematocrit reading. Only 1 patient had a count under 4,000,000 
red blood cells, this being 3,850,000 with 10.2 gm. of hemoglobin, 
and was interpreted as a mild hypochromic anemia. All hemo- 
globin determinations expressed in grams were normal, although 5 
patients had low normal values between 13.5 and 14 gm. for red 
blood counts of 4.5 million cells. Hematocrit interpretations were 
normal and varied between 4 and 5.3. These findings taken col- 
lectively would suggest that at least sufficient intrinsic factor was 
being produced, possibly as suggested by Meulengracht, from 
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Brunner’s glands in the duodenum, as the pylorus in all cases was 
absent. In addition they would suggest and in accord with more 
recent views, that gastric resection in man is more likely to be fol- 
lowed by a hypochromic or secondary anemia than by pernicious 
anemia, and that when pernicious anemia does occur after gas- 
trectomy, it is probably an accidental happening.° 

_ Dilatation and Emptying Time. No reference could be found in 
the literature relative to the hypertrophy of the remaining fundus 
in man following partial gastrectomy. Milanes,* however, states 
that there ensues some widening of the gastric stump and anasto- 
motic loop in the postoperative cases he reviewed. Of 12 partially 
gastrectomized dogs in which approximately 66% of the stomach 
was removed, Ivy> found ‘that 9 dogs developed both definite 
hypertrophy and dilatation of the remaining stomach which was 
quite evident at 2 months and maximum at 6 months postopera- 
tively. 

Each patient of our group was given a Regal motor meal and 
200 ec. of a 2-ounce water suspension of barium to be sipped with the 
meal. The emptying time was noted. The stomach was then filled 
with barium mixture to determine the approximate size of the 
remaining fundus, and one Roentgen ray plate taken. Two normal 
unoperated-upon patients, used as controls, by the same technique 
were found to have a complete emptying time of between 33 and 
4 hours. 

In our series, 20 patients (77%) had a complete emptying time 
of the stomach of 2} hours or less. Four of these emptied so rapidly 
that by the time they had finished their meal and entered the 
fluoroscopic room their stomachs were almost empty. In the re- 
maining group of 6 patients having an emptying time of over 2} 
hours, all were empty of the opaque barium at 3} hours, but a high 
fluid level was still present indicating that these stomachs were 
really not empty. Undoubtedly some food was still mixed with this 
fluid and the barium had merely settled out and passed on into the 
small bowel. We were unable to determine the cause of this delay 
in emptying time, whether due to a small postoperative stenosing 
stoma, or to a sphincter action of the jejunum could not be de- 
termined. However, it is interesting that of these 6 patients re- 
taining fluid after 3} hours, all were without symptoms related to 
this relatively increased emptying time. While some of the stom- 
achs varied quite notably in size, no positive Roentgen ray evidence 
of dilatation could be set forth. Neither could we observe any 
definite jejunal dilatation. 

Recurrent Ulcer. In all gastric surgery for peptic ulcer, the 
question of recurrence of ulcer, both marginal and small bowel, 
is imminent. Ivy and Fauley’ found the duodenal mucosa more 
resistant or less sensitive to acid gastric contents than the jejunal 
mucosa. Rienhoff?' states that in gastrojejunostomy, jejunal 
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ulcers occurred in 25% of the cases. Of 12 partially gastrectomized 
dogs, Ivy® found 3 had developed jejunal ulcers. 

In our series of 26 patients, 2 cases of postoperative jejunal or 
marginal ulcer were noted. One had definite Roentgen ray evidence 
of the lesion just below the surgical stoma and the other had had 
three separate hemorrhages since operation 10 years before, which 
we took as evidence of an existing lesion. Neither case gave a 
symptomatic picture of ulcer. In this relatively small series of cases 
it is impossible to state definitely that a gastrojejunal ulcer is more 
likely to occur in a patient having a continued free acid secretion 
after operation, than in one having an achlorhydria, but it is worthy 
of mention that both of the recurrent postoperative ulcers in our 
group were observed in patients who had between 10 and 30° of 
free acid in all specimens. 

Small and Large Bowel Status. It is a well known fact that one of 
the most common causes of a chronic diarrhea aside from those of 
bacterial or protozoal origin is an achlorhydria. It is to be re- 
marked that with the production of an anacidity in such a large 
percentage of cases following partial gastrectomy and with a fairly 
high grade hypoacidity in others, especially when associated with a 
stomach which empties considerably more rapidly than normally, 
one would expect a goodly proportion of these cases to develop 
a mechanically irritable bowel. All patients in our series were 
maintaining themselves on a general diet, save one who was ex- 
cluding only meat. Eight patients gave a history of having from 2 to 
10 “attacks” yearly of semiformed to loose stools, associated either 
with abdominal cramps, abdominal soreness or flatulence. Only 
1 patient in this group of 8 had available free hydrochloric acid. All 
had been operated upon over 3 years prior to the time of this ex- 
amination, save 1 whose operation had been 8 months previously. 
It is worthy of mention that in our series of patients, 9 were females 
and 5 of these were in the group of 8 complaining of an irritable 
bowel syndrome. One was severe enough to present a definite 
nutritional problem, passing bulky undigested food in her stools. 
In addition to these 8 cases above mentioned, 7 voluntarily stated 
that a definite increase was noted in flatulence over what they had 
experienced pre-operatively. Thus a total of 15 cases (58%) of our 
group complained of some form of intestinal unrest. 

General Symptoms. Two patients complained of discomfort in 
the form of a dull pain or a sensation of pressure in their stomachs 
if food was eaten relatively rapidly. Two more found that if food 
was not taken frequently, dizziness or weakness almost approaching 
syncope occurred. Only 1 complained of water brash. 

Thirteen patients (50%) maintained the same weight as prior to 
operation; 8 (30%) had gained in weight, while 5 (20%) had lost 
weight. Five (20%) complained of easy fatigability and 7 (27%) 
stated that they had decidedly less strength than before operation. 
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Realizing of course that the question of weight and strength are 
both subject to rather great individual interpretation, we present 
these averages merely for the interest they may arouse. 

Summary. From a clinical, physiological, and symptomatic view- 
point, just what does the future hold for the average patient sub- 
jected to a subtotal gastrectomy? Because we were interested in 
this question we studied the secretory function, hematology, motor 
function, and postoperative history of a relatively small group of 
26 patients. 

In 65% of the cases, a postoperative achlorhydria was found. 
The probability of a patient having working free hydrochloric acid 
after his operation was greater if he had had a duodenal ulcer than a 
gastric ulcer. Also because a patient had a high pre-operative acid 
curve, in our series at least, did not mean that the postoperative 
acid curve would be high. In fact, in 50% an achlorhydria was 
found. Only 2 of 12 patients having bile in the fasting or first 
specimen had free acid in following specimens. Certainly neutraliza- 
tion with alkaline duodenal contents is a factor in some cases. 

No gross blood changes were observed. Only 1 patient in 26 
had a red blood cell count under four million cells, this being 3,850,- 
(00. Five had low normal hemoglobin determinations with normal 
red blood counts of over four and one-half million cells. All hema- 
tocrit readings were within normal range. 

The motor emptying time of the stomach was found to be de- 
creased over the normal of 33 hours in 79% of the cases. Twenty- 
one per cent still had a high remaining fluid level at 33 hours. No 
cause for this difference in emptying time could be determined. 
However, these patients were asymptomatic. No positive evidence 
of gastric dilatation or hypertrophy could be determined, although 
the size of the remaining fundus varied moderately as would be 
expected. 

Fifty-eight per cent of the series gave a history of some form of 
intestinal unrest, and of 8 cases with a definite irritable colon 
syndrome only 1 had available free hydrochloric acid. 

No patient had a postoperative continuance of the chemical 
distress of ulcer following operation, although there were 2 instances 
of ulcer recurrence. All stools were negative for undigested food 
and blood, save 1 case of diagnosed jejunal ulcer which revealed 
occult blood in his stools. 

Fifty per cent maintained their weight since operation, 30% 
gained weight, while 20% had lost weight. Forty-three per cent 
complained of either easy fatigability or less strength. 

Conclusions. 1. Sixty-five per cent of our cases had an achlor- 
hydria. 

2. A postoperative achlorhydria was more common in gastric 
ulcer than duodenal ulcer. 
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3. A high pre-operative acid curve did not necessarily mean a high 
postoperative acid curve. 

4. Reflux of bile is a definite factor in the interpretation or 
production of an achlorhydria. 

5. Only one relative secondary anemia was observed. 

6. The emptying time of this type of operated upon stomach is 
usually decreased. 

7. No postoperative dilatation or hypertrophy of the stomach was 
observed. 

8. Fifty-eight per cent of our cases gave a history of some form of 
intestinal unrest. 

9. Two of 26 cases had a recurrent marginal or jejunal ulcer. 
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CERTAIN cardiac patients who can lie comfortably in one recum- 
bent position, usually the right lateral, cannot tolerate another 
recumbent position, usually the left lateral, and are forced to 
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abandon the latter for the former by symptoms which they cannot 
endure. This phenomenon, which for the sake of brevity we will 
call “ trepopnea,”’’* is just as common and just as definite as orthop- 
nea. There are certain indications that trepopnea and orthopnea 
are related, and that both may be manifestations of the same type 
of underlying mechanism. 

The fact that some patients with heart disease do not like to lie 
on the left side is apparently known to most experienced physicians, 
with whom we have discussed the problem. We have twice encoun- 
tered brief statements regarding this fact in the literature.** How- 
ever, we can find no evidence that trepopnea in cardiac patients 
has ever been the subject of careful study. If it has been, the 
results of such investigation are not common knowledge. Conse- 
quently in this paper, certain observations concerning it are reported. 

Cardiac patients of all available types have been studied. They 
were placed in various recumbent positions and watched. They 
were not questioned until their appearence and behavior in the 
different positions had been observed. They were then questioned 
carefully about the symptoms they had experienced. They next 
were asked to resume the unfavorable position and to describe each 
sensation as it appeared and, finally, were requested to move to a 
favorable position and to describe the disappearance of their symp- 
toms. In addition, certain observations, to be described below, 
were made with the subjects in the various positions. 

On the basis of this type of study, the patients were found to 
group themselves into four general categories: (1) Those who 
could lie comfortably in any recumbent position; (2) those who 
preferred one position, or objected to another for relative minor 
reasons, such as habit, or annoyance at hearing or feeling the heart 
beat; (3) those who had more compelling reasons for preferring one 
recumbent position to another, who experienced dyspnea and dis- 
comfort in the chest when in the unfavorable position, but who could 
endure it; and, finally (4) those who were actually forced to abandon 
one recumbent position for another by symptoms which they could 
not endure. The last two groups constitute the material upon 
which this paper is based. At first only the patients in Group 4 
were studied, but it soon became evident that there was no very 
clear-cut dividing line between the individuals in Group 3 and those 
in Group 4. Patients in the two groups described the same symp- 
toms and exhibited the same behavior. Those in Group 4 either 
experienced greater discomfort or possessed less fortitude. It was 

* We have been unable to find a term which completely expresses in one word 
“preference for a certain recumbent position,” “objection to a certain recumbent 
position,”’ or “relief of dyspnea by rotating the body on its horizontal axis, from one 
recumbent position to another.’’ The term “trepopnea,’’ suggested by Dr. Richard 


A. Kern, has therefore been applied to this phenomenon. It serves a useful purpose 
in reducing the number of words in this paper. 
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not always possible to distinguish between these two possibilities 
in borderline cases. 

Trepopnea is a clear-cut entity, characteristic in its manifesta- 
tions, both of behavior and complaint. Although it can be readily 
demonstrated in many patients, information concerning it is rarely 
volunteered. When present in its advanced form, selection of 
position becomes a matter of real necessity rather than one of mere 
preference. 

The following observations have been made on 52 patients who 
showed definite trepopnea, 32 in Group 3 (trepopnea of preference) 
and 20 in Group 4 (trepopnea of necessity).* 

A. Position. Of the 52 patients, 33 were most comfortable 
lying on the right side; 35 were least comfortable on the left. The 
prone and supine positions enjoyed an intermediate preference. 
Chart I constitutes an attempt to indicate the various position- 
preference patterns. The most common pattern was for the patient 
to prefer the right side, inclined slightly toward the front or back; 
to lie prone and supine with moderate discomfort; and to be most 
uncomfortable turned toward the left. However, there were many 
variations, 15 to be exact. Some patients can lie prone or on the 
left and cannot tolerate the supine or the right lateral position. 
An unexpected type of trepopnea was seen in 9 patients who were 
most comfortable flat on the abdomen and least comfortable flat 
on the back (Chart I, (9) and (10)). Some of these patients might 
well be described as orthopneic, since they were unable to lie on 
the back unless the head of the bed was elevated 45 degrees; how- 
ever, they could lie face down without even one pillow. This type 
of patient when sitting up was comfortable leaning forward and 
sometimes uncomfortable leaning backward. Many of our patients 
could lie flat on the right side but needed several pillows to enable 
them to tolerate the left lateral decubitus. A striking fact was 
that the dividing line between a comfortable and an uncomfortable 
position in many patients was very definite. A slight rotation of 
the body often produced a marked difference in symptoms. The 
position of the head and neck seemed important in some cases. 
Flexion of the head on the trunk increased the comfort of many 
individuals. This was true when the patient was supine but in 
some cases also occurred in the lateral decubitus. Some patients 
are impressed with the importance of the position of the arms. 
A number of individuals have changed or lost completely their 
trepopnea as will be described below. 

Certain cardiac patients in severe congestive failure could not 
tolerate recumbency in any position for very long, but did have a 
definite preference for one over another. A few were intolerably 
dyspneic in all horizontal positions, and had no preference. Both 


* These terms have been used previously to describe different degrees of orthopnea. 
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types were most comfortable sitting up, though not necessarily 
free from dyspnea. Finally, there were certain individuals with 
marked congestive phenomena who could lie comfortably in all 
recumbent positions. Shortness of breath, if present, was not related 
to posture. 


Cuart I.—Tue Various PosITION-PREFERENCE PATTERNS OF 52 PATIENTS WITH 
TREPOPNEA. 


(1) 16 Cases (5) 2 Cases (9) 5 Cases (13) 1 Case 


(2) 4 Cases (6) 3 Cases (10) 4 Cases 


(3) 4 Cases (7) 1 Case (11) 3 Cases (15) 1 Case 


(4) 4 Cases (8) 1 Case (12) 2 Cases 


Each diagram shows the entire 360 degrees of possible recumbent position as seen 
by an observer standing at the foot of the patient’s bed. The best position is marked 
with ©. The shaded portions of the circle ipdicate the positions which are not 
liked. The most deeply shaded is the most unfavorable position. For instance, 
the individuals depicted by the first diagram in the upper left-hand corner were 
most comfortable on their right, most uncomfortable on their left, and moderately 
uncomfortable prone and supine. The 20 cases in Group 4 (trepopnea of necessity) 
were distributed as follows: (1) 9 cases, (2) 2 cases, (3) 1 case, (4) 2 cases, (9) 4 cases, 
(10) 1 ease, (11) 1 ease. In 5 cases in (1) and in both the cases in (12) the degree of 
discomfort lying prone is not known. In (6) 1 patient was more comfortable on the 
left than on the right; a second showed the reverse; the third was equally uncom- 
fortable on both sides. 


B. Symptoms. The symptoms which forced patients to change 
from one horizontal position to another were usually dyspnea and 
discomfort in the region of the heart. Less common manifestations 

VoL. 193, No. 3.—MaRcH, 1937 13 


Supine | 
Turned Y) Turned 
right \ ‘eft 
Prone 
(14) 1 Case 

| 

pl 


358 WOOD, WOLFERTH: 


which compelled them to move were cough and anginal pain. These 
and other less cogent, but nevertheless characteristic, symptoms 
will now be taken up in detail. Their relative frequency is shown in 
Table 1. 


TaBLe 1.—TuHeE RELATIVE FREQUENCY WITH WHICH THE VARIOUS SYMPTOMS WERE 

OuTSTANDING COMPLAINTS IN AN UNFAVORABLE RECUMBENT PosiITION. 
Group 3, Group 4, 
trepopnea of | trepopnea of 
preference. necessity. Total. 
Total number of patients 
Dyspnea... 
Precordial discomfort 
Palpitation 
Fatigue and weakness 
Cough . 
Angina . 
Nervousness and restlessness 
“Heart beating in — 
Dizziness 
Epigastric pain 
Pain in neck, left shoulder or arms. . 
Fullness in head and feeling of eyes bulg- 
* Not observed by us. 
+ Observed by us. 


w ROS 


1. Dyspnea. This is often described as “shortness of breath,”’ 
or as a “smothering feeling.” Patients have said “I get all choked 
up, you can hear it in my voice,” or “I can’t breathe;” “I feel 
that something is cutting off my air;’”’ “I have to pull harder to 
get my wind;” “I feel as though I were breathing against a resist- 
ance;” “my air won't go all the way down.’ Some say they can’t 
breathe so deeply, so they have to breathe more rapidly. Of all 
the symptoms which force patients to move, this is probably the 
primary one. When one individual moved back to his favorite posi- 
tion, he said he felt “as though a window had been thrown open in 
a stuffy room.”’ 

2. DISCOMFORT IN THE REGION OF THE HEART. This symptom 
is very closely associated with the sense of choking or smothering 
just referred to. It is often described as “a heavy feeling;” “a 
pressing feeling; “a feeling as though I were trying to iin 
through a door and couldn’t quite make it;”’ “as though something 
was tightening around my heart.” It is sometimes referred to as 
a “soreness” or a “gnawing”’ or an “aching feeling,” or “as though 
something were blowing up inside me.”’ One colored man said: “I 
feels as if all my entrails is falling over there and pressing.” The 
sensation is a constant one, not throbbing or changing in intensity 
with the heart beat. It is totally different from palpitation or 
awareness of the heart beat, though it may occur coincidentally 
with “palpitation.”” One patient who also had attacks of angina 
pectoris said it “was not that (7. e., anginal) sort of pain.” When 
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the patient lay on the left, the sensation was usually referred to 
the region of the apex. When he lay on the back, it often “rose 
higher in the chest’”’ or became substernal—“as if someone had 
placed a weight on top of my chest.” It was occasionally felt in 
the left shoulder, in the scapular region or in the neck. These 
patients often say “I can’t lie on my heart, because the pressure 
hurts.” However, when they are only partly on the left side, with 
no contact between the precordium and bed, they may have the 
same discomfort. Therefore, some of the “pressure”? must be 
generated within the chest. 

3. Coucn. This symptom was often a very compelling one. In 
several instances it seemed to be a direct outgrowth of the choking 
sensation described as the first symptom. It was produced in 
3 patients by lying on the left, in 6 by lying on the back and in 1 
by lying on the right. It was relieved in each case by the assump- 
tion of the opposite position. 

4. Anaina. Three patients reported that they sometimes experi- 
enced anginal‘ attacks when they lay in the wrong position,” 1 
when on the back, 1 on the left and 1 on either right or left. We 
were able actually to observe such an episode only once. In that 
case, the patient was uncomfortable as a result of symptoms (1) 
and (2) for several minutes. She then developed a typical anginal 
attack, similar to those she experienced while walking, and had to 
sit up to get relief. The pain was substernal in location, and, 
according to the patient, differed definitely from the discomfort 
_ in the region of the heart described as symptom (2). 

5. Pauprration. During the first part of our study, palpitation 
was disregarded because it was seen in so many nervous or hyper- 
tensive patients who did not have the other characteristic symptoms 
of trepopnea. It was thought to be due to the fact that the heart 
lay upon the left chest wall and thumped against the ribs when the 
patient lay on that side. We now suspect that in a number of cases, 
this is not the mechanism of production of the symptom, because it 
may occur with the patient on the back when the apex impulse is 
neither seen nor felt, and may disappear as. he turns toward the 
left when the apex beat becomes clearly visible and palpable. One — 
patient who complained of palpitation when he lay on the back 
said that the “ beating’’ disappeared as he rolled to the left anterior 
position. When it was pointed out, in this position, that the heart 
beat was clearly visible, causing the precordium to heave, he said 
“that is not what I feel; when I lie on my back, my heart bounces, it 
beats quietly when I lie this way.”” The complaint of “feeling the 
heart beat” was not, as a rule, dependent upon changes in rate or 
rhythm. We are tempted to believe that in many cases, an actual 
change in heart action occurred in certain horizontal positions, 
which produced unpleasant consciousness of the heart beat, and 
caused the complaint—“ my heart beats hard.” 
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6. Fatigue. Eleven patients complained of fatigue; several said 
“IT feel as though I had been running’; 3 felt dizzy as though 
they were going to faint; 1 broke out in a cold sweat. These 
symptoms occupy a prominent position in the minds of certain 
patients. They disappear when a favorable recumbent position 
is assumed. We believe they are frequent and definite enough to 
be classed as important subjective complaints. Two patients 
stated that on occasions when they had maintained an unfavorable 
position too long, this sense of weakness became so overpowering 
that they had to be helped into a sitting position, being unable to 
move. 

Many other symptoms occasionally were mentioned (Table 1). 
If an individual was uncomfortable in two positions, the symptoms 
experienced were not always the same in both. Five patients were 
able to tell exactly when trepopnea first appeared, because they 
were forced by it to discontinue lying in a certain recumbent position 
which had previously been a favorite one. 

The intensity to which the symptoms rose when an unfavorable 
position was maintained varied somewhat. Certain individuals in 
Group 3 became quite uncomfortable with dyspnea and precordial 
discomfort, but no matter how long they stayed in the unfavorable 
position, these manifestations did not reach a compelling level. 
Some subjects noted a spontaneous disappearance of the symptoms 
after they had become fairly severe, although the position was not 
changed. In Group 4, however, the discomfort increased progres- 
sively until the patients were forced to alter their recumbent 
position. 

C. The Cardiovascular Characteristics of the Group. (Table 2.) 
Most of the patients had rheumatic or degenerative heart disease. 
In all but 6 the heart was considerably enlarged. In all but 3 
there was a marked reduction of cardiac capacity; 17 actually were 
in congestive heart failure; 15 had permanent auricular fibrillation; 
9 have died since the study was begun, in October, 1935. 

One might expect to find that the position-preference pattern of 
a patient depended upon the type of cardiac lesion present; that 
all patients who were most comfortable prone, for instance, and 
least comfortable’ supine, would show a certain valvular lesion, a 
certain type of cardiac silhouette, or a certain type of cardiac failure. 
However, our data do not demonstrate the existence of such a 
correlation between position preference and any known cardio- 
vascular characteristic. We cannot predict the lesion from the 
patient's position-preference pattern; or, knowing the type of failure 
predict the position he will prefer. 

Certain factors often exaggerated trepopnea: an upper res- 
piratory infection, the ingestion of a large meal, fatigue, or the 
appearance of congestive heart failure. Two patients developed 
this symptom when they suffered an acute coronary occlusion. 
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A patient may change from Group 3 (trepopnea of preference) to 
Group 4 (trepopnea of necessity) after a heavy meal. He may, for 
the first time, become unable to tolerate a certain recumbent_ 
position when he has a cold. As congestive heart failure disappears 
he may change completely his type of trepopnea or may lose entirely 
his discomfort in all recumbent positions. Some of our patients 
who have developed congestive heart failure have lost the ability 
to be comfortable in any recumbent position, and have had to sit up. 


TapLe 2.—CARDIOVASCULAR CHARACTERISTICS OF 52 PATIENTS WitH TREPOPNEA. 


Etiology. Group 4. Group 3. Total. 


Rheumatic 

Degenerative 

Luetic 

Congenital 
Subacute bacterial endocarditis 
Unknown 


* Two of these were moderately thyrotoxic. 


Enlargement of heart. Group 4. Group 3. 


15 


Functional classification. Group 3. 
0 
Class Il 


One might summarize the cardiovascular characteristics of these 
patients by saying that most of them showed considerable cardiac 
enlargement, and a marked reduction of the functional capacity 
of the heart. However, there are a number of patients with large 
hearts and congestive failure who have neither trepopnea nor orthop- 
nea. The explanation for this is not clear. No regularly occurring 
cardiovascular characteristics have been observed by which these 
patients can be differentiated from those with position preference; 
but in most, engorgement of the veins and liver was more out- 
standing than engorgement of the lungs.* 

1). Observations Concerning Trepopnea. 1. THE Time INTER- 
vats. When a patient moved from a favorable to an unfavorable 
position there was usually a latent period before the appearance of 


* Recently, in one of our patients, pulmonary congestion disappeared and en- 
gorgement of the veins and liver occurred. Coincidentally trepopnea disappeared. 
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13* 20 
3 5 
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symptoms. This period varied from 10 seconds to 2 minutes 
(average about 20 seconds). The length of time which the patient 
could endure the unfavorable position varied from 30 seconds to 
a half hour. The symptoms usually disappeared almost immedi- 
ately when a favorable position was resumed. When a patient 
with fully developed trepopnea remains in an unfavorable position 
too long, he may experience an alarmingly severe attack of dyspnea, 
from which he may not recover for 10 to 15 minutes. In these 
severe attacks the patient usually has to sit up to get relief; he is, 
as a rule, unable to recover comfort by merely turning to a favorable 
recumbent position. 

2. THE ResSPrRATORY PHENOMENA. These were variable (Chart 
II). Certain patients showed a rapid rise of their respiratory rate, 
to double the original and an apparent lessening in depth. Others 


LEGEND FoR Cuart II. 


A bandage was placed around the chest with a rubber balloon beneath it. Varia- 
tions of pressure in the balloon due to respiratory excursions of the chest were trans- 
mitted to a writing lever and recorded on a moving drum. Each section (A, B or C) 
is the respiratory tracing for 1 minute. All sections are not identical in length due 
to mechanical factors inherent in the kymograph. The comparative size of the waves 
is not necessarily an accurate indication of the comparative depth of breathing. 

Case 1.—J. G. Hypertension, trepopnea of necessity; 4 pillows under the head. 
A, Lying on right (best side). Respiratory rate 26, comfortable. B, Lying on left 
(worst side). Fourteenth minute, respiratory rate 44. Patient was forced to 
return to right 1 minute later by choking, smothering, a sense of pressure in the 
region of the heart and marked fatigue. After returning to the right, he became 
comfortable in 3 minutes. (C, Six minutes after returning to right, respiratory rate 21, 
perfectly comfortable. : 

Case 2.—H. B. Rheumatic heart disease, trepopnea of necessity. A, Lying 
on left (best side). Respiratory rate 7, comfortable. B, Lying on right (worst 
side). Ninth minute, respirations 27. Patient had to return to left 2 minutes later, 
because of smothering and marked weakness. C, Two minutes after returning to 
the left, respiratory rate 7, perfectly comfortable. 

CasE 3.—L. A. Rheumatic heart disease, trepopnea of necessity. A, Lying on 
right (best side). Respiratory rate 15, comfortable. B, Lying on left (worst side). 
Ninth minute respiratory rate 14. Forced to return to right 1 minute later by 
inability to get the breath and a “heavy weight” over the heart. C, Lying on the 
right once more, perfectly comfortable. Respiratory rate 15. Despite a definite 
sense of ‘“‘shortness of breath’’ when lying on the left, there was no increase in respi- 
ratory rate, and no obvious deepening of respiration. 

Cast 4.—E. W. Rheumatic heart disease, trepopnea of choice. A, Lying 
prone (best position). Respiratory rate 20, comfortable. B, Lying supine (worst 
position). Fourth minute, respiratory rate 22. Returned to prone position because 
of choking, having to “pull hard” for breath and a weight across the upper sternum. 
C, Lying prone, inclined to the right. Eighth minute, perfectly comfortable, respi- 
ratory rate 19. Despite a definite sense of choking in the supine position, there was 
no marked acceleration of the respiratory rate. 

Case 5.—C. Z. Rheumatic heart disease, trepopnea of necessity. A, Lying on 
right (best side). Comfortable, respiratory rate 28. B, Lying on left (worse side). 
Respiratory rate 28, extremely uncomfortable. Forced to return to right by “some- 
thing cutting off my air,” restlessness and the heart ‘beating heard.” Became 
comfortable 2 minutes after turning. C, Lying on right (best side). Fourth minute, 
very slight sense of “tightness” in the chest, but not really uncomfortable. Respira- 
tory rate 29. Despite marked ‘“‘dyspnea’’ when on the left, there was no change in 
respiratory rate, and no obvious deepening of respiration. 


Cuarv II.—TRACINGS OF THE RESPIRATORY RATES OF PATIENTS WITH TREPOPNBA. 
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showed a change of facial expression from one of relaxation and 


comfort to one of anxiety and apprehension, and complained bitterly 
of dyspnea, but did not increase their respiratory rate.. Moreover, 
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although spirometric records were not obtained, we feel quite sure 

that breathing was not deepened. If these observations are sup- 


ported by careful measurement of minute volume, they indicate 
that the dyspnea which is the outstanding complaint of these 
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patients is a subjective sensation, which may or may not be accom- 
panied by obvious change in the rate or depth of breathing. It 
may be that the dyspnea produced by exercise is a sensation which 
arises when ventilation exceeds a certain minute volume.’ How- 
ever, this does not necessarily seem to be the case in dyspnea 
produced by changes in recumbent position, nor as we have subse- 
quently learned, in the dyspnea caused by having an orthopneic 
patient lie flat in bed. In these last 2 instances, breathing becomes 
a conscious effort, but the facial expression may be the only objective 
indication of the degree of distress. Periodic breathing was com- 
monly seen in these patients but we cannot be sure that this phe- 
nomenon was related to the assumption of a particular recumbent 
position. 


Cuart III.—Orthodiagrams of a patient with degenerative heart disease and 
trepopnea of choice, showing marked movement of the heart, and definite change in 
shape of the supracardiac shadow, with change of position. A, Patient lying on 
right (best position). Heart against the right chest wall. Supracardiac shadow 
11 cm. in width. B, Patient erect. Supracardiac shadow 7.5 em. in width. C, 
Patient lying on the left (worst position). The heart has moved 6.5 cm. to the left, 
when compared to A and is now resting on the left chest wall. The supracardiac 
shadow is 7.8 cm. in width. The movement of the heart in this patient was about 
as great as any we have seen. 


Cc 


3. ROENTGENOGRAPHIC OBSERVATIONS. (Chart III.) On fluoro- 
scopic study, 49 subjects fell into three groups: (a) 14 with no 
demonstrable heart disease and no trepopnea; (b) 15 with heart 
disease, without definite trepopnea; and (c) 20 with heart disease 
and real trepopnea. An orthodiagram was made of each individual, 
first as he lay on the right, and then on the left. Most cases were 
observed erect and supine, and sometimes prone. Changes in 
position of the heart were determined by measuring the distance 
from the lateral chest walls to the cardiac borders. We make no 
claim to extreme accuracy of measurement, but we feel quite sure 
that the following facts are correct: 

(a) The heart moved considerably as the subject changed from 
one side to the other, as demonstrated previously by Cherchevsky,! 
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Rumpf,” and Pick® with clinical methods, and by Hoffmann® with 
Roentgen rays. Our figures are as follows: The smallest and largest 
movements of the right border were Group A, 0 to 6 cm.; Group B, 
1 to 7.5 em.; Group C, 0.5 to 6.5 em. The smallest and largest 
movements of the left border were Group A, 2.25 to 7.25 cm.; Group 
B, 0 to 7 em.; Group C, 1 to 6.5 em. The average movement of 
the right border was Group A, 2.8 cm.; Group B, 3.4 em.; Group C, 
4 cm. The average movement of the left border, was Group A, 
4.5 em.; Group B, 3.5 cm.; Group C, 4.1 em. The two borders are 
discussed separately because there seemed to be a definite change 
in the width and shape of the heart in certain cases. 

(b) The heart was not seen to move forward when the patient 
lay prone, or backward very much when the patient lay supine. 
The shadow of the anterior border usually was next to the anterior 
chest wall in both positions. As the subject changed from the 
erect to the supine position, the heart sometimes shifted to the left. 

(c) We do not feel sure that we could detect striking changes in 
cardiac action caused by changes of position. 

(7) As a subject turned from left to right, the supracardiac 
shadow usually showed a definite increase in width (Chart III). 
The average was 1.6 cm.; the maximum, 3.7 em. So far as we 
could tell, this increase was due to an uncoiling of the aortic arch. 
The ascending aorta seemed to move considerably to the right, 
while the descending aorta tended to retain its original position. 
A comparison of the supracardiac shadow in the erect and left 
lateral positions showed it to be slightly wider in the latter, as a 
rule, especially in its lower part. 

(e) The intensity of the symptoms produced was not proportional 
to the distance the heart moved. Certain cases in Groups A and B 
showed movement of the heart which was much greater than the 
movement of some of the cases in Group C, though the former had 
no symptoms and the latter had marked symptoms. 

(f) The symptoms were not entirely dependent upon contact of 
the heart with the left chest wall; 5 of the hearts in Group C, 5 in 
Group B and 12 in Group A did not make contact with the left 
chest wall as the subject lay on the left. 

(yg) During inspiration, with the subject in a lateral position, the 
heart rose toward the midline, away from the side on which he lay. 
It sometimes moved several centimeters with each respiratory excur- 
sion. It looked as though the heart were slung in a hammock made 
by the dependent side of the pericardium, and was lifted as this 
hammock was pulled taut by descent of the diaphragm. 

(h) Under the fluoroscope we could determine no reason why a 
given patient should like one recumbent position or dislike another. 

(() We confirm Howard’s’ observation that the diaphragm has a 
greater respiratory excursion on the dependent side. 
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(j) Patients with the most severe degree of trepopnea could not 
tolerate their most unfavorable position long enough to permit the 
drawing of an orthodiagram. Their roentgenographic studies were 
made, if at all, after improvement of cardiac function had reduced 
the intensity of their symptoms, or had caused them to disappear. 

4. Vrrau Capacity MEASUREMENTS. The vital capacity has 
been tested in 52 subjects, in the sitting and in various recumbent 
positions; 14 had no evidence of heart disease; 14 had heart disease 
without trepopnea; 24 had heart disease with trepopnea. The 
method used to determine the vital capacity was that reported by 
other observers.>? The subject was given 3 tests in each position, 
and the highest was taken as the vital capacity. Our results give 
rise to the following comments: 

(a) In patients with trepopnea the vital capacity did not tend 
to be greater in the most favorable than in the most unfavorable 
recumbent position. The actual figures are as follows: Of the 
24 such subjects tested, in 6 the vital capacity was higher in the 
best recumbent position than in the worst, in 14 it was lower in 
the best position than in the worst, and in 4 it was equal in the 
two positions. 

(b) After a patient remained in an unfavorable recumbent posi- 
tion long enough to become dyspneic, the vital capacity dropped 
markedly. There was no indication that the vital capacity drop 
caused the dyspnea or that the reverse was necessarily true. 

(c) There seemed to be no very definitely significant difference 
between the vital capacity in the various recumbent positions. 
The figures are as follows for all 52 patients: When the vital capaci- 
ties lying on the right, left and back were compared, the highest 
value was found on the left 31 times, on the right 23 times and on 
the back 17 times; there were 19 ties. The lowest value was found 
on the left 13 times, on the right 23 times and on the back 26 times; 
there were 10 ties. The vital capacity was tested in the prone posi- 
tion in only 21 of the 52 patients. It was the highest recumbent 
figure 3 times and the lowest 10 times, independent of the degree 
of comfort the subject experienced in that position. Thus our vital 
capacity figures tend to be greater on the left than on the right, 
and greater on both the right and left than in the prone and supine 
positions. 

(d) The results obtained when vital capacity is measured vary 
so tremendously with the amount of will power which the subjects 
apply toward forcing a complete expiration, that small differences 
cannot be considered significant. 

(e) We confirm in general the results of other workers®” that 
the majority of subjects show a higher vital capacity sitting than 
recumbent; and that on the other hand, certain patients have a 
higher vital capacity recumbent than sitting. It is interesting to 
note that none of the investigators state whether or not the patients 
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with orthopnea are the ones with lower recumbent vital capacity. 
Our figures are as follows in all 52 cases tested: the vital capacity 
was highest 35 times sitting, 15 times recumbent on the left, 11 times 
recumbent on the right, 6 times recumbent on the back and once 
in the prone position; there were 16 instances where 2 of these 
positions tied for the highest value. 

These data show that trepopnea is not caused by a reduction of 
vital capacity in the unfavorable position. 

5. Posrrions WuicH ARE AssuMED aT NIGHT BY INDIVIDUALS 
Wirth anp WirHovut TREPOPNEA.* (a) The normal: We have 
attempted to obtain a rough idea of the frequency with which 
hospital patients without trepopnea assume various recumbent 
positions. The method employed was to have the nurse make a 
record, at regular intervals during the night, of the position in 
which each patient in the ward was lying. On 40 adults who had 
no disease that should have caused trepopnea 1390 observations 
were made. They were found to lie on the left 305 times, on the 
right 410 times, on the back 618 times and on the abdomen 40 times. 
With few exceptions all the patients showed this same type of 
pattern. A simplified way of expressing it would read: left, 3 
times; right, 4 times; back, 6 times; and abdomen less than once. 
These individuals were rarely aware of the amount of time they 
slept on the back; 6 of them said they had a preference for a certain 
recumbent position but their nocturnal behavior showed that their 
pattern was normal; 7 additional patients stated such a preference 
and showed that they actually had it. They will be discussed 
below. 

(b) We made 2396 observations on 27 children, 5 without demon- 
strable heart disease, 17 with mild heart disease and 5 with 
severe heart disease with considerable cardiac enlargement. Those 
with normal hearts and those with mild heart disease had similar 
patterns, namely, left 5 times, right 7 times, back 6 times and 
abdomen once. Those with serious lesions with cardiac enlarge- 
ment showed a different pattern, namely, left 5 times, right 
9 times, back 3 times and abdomen once. Thus these normal 
children lay on the back less than the adults studied; moreover 
those with severe heart disease and cardiac enlargement lay much 
less on the back and much more on the right than children with 
little or no heart disease. 

(c) With these observations as a background we can report upon 
14 cardiac patients with trepopnea. The first patient said she 
could lie only on the right; she was observed 12 times on her right 
and never on the back, left or abdomen; no nurse ever saw her 
lying voluntarily in any other position. The second patient said 
he could not lie on the back, was moderately uncomfortable on the 


* We are indebted to the nurses of the University and the Children’s Heart 
Hospitals for collecting these data. 
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left and preferred the right; he was observed to lie 9 times on the 
right, 3 times on the left and never on the back. The third patient 
said she preferred to lie on the back inclined to the right, or on her 
abdomen; she could not lie on the left; she was observed lying on 
the back inclined to the right 10 times, and on the abdomen twice; 
she was not seen on the left. A fourth patient said she could not 
lie on the back or left and preferred the right, inclined forward; 
she was found lying prone 9 times and on the right once, but never 
on the back or left. A fifth patient preferred the right, was fairly 
comfortable on the back and could tolerate neither the left nor the 
prone position; he was found on the right 9 times, on the back twice 
and never in the left or prone positions. The sixth patient had 
acute coronary occlusion about 2 weeks previously. He could not 
lie on the left at first, and when watched was on the right twice, 
on the back 9 times and on the left not at all. As he improved he 
gradually became able to lie on the left, so that during the next 
six nights his positions were: right, 18; back, 38; left, 8. The 
seventh patient said he could not lie on the left; he was recorded 
to lie on the right 12 times, on the back 20 times and on the left 
twice. The eighth patient said she could not lie on the left; she 
was reported on the right 7 times, on the back 4 times, on the left 
once. Later as she improved the following figures were obtained: 
right, 9 times; back, 6 times; left, 5 times. The ninth patient had 
acute coronary occlusion and did not like the left. He was watched 
continuously for 24 hours; he spent 11 hours and 10 minutes on the 
right, 11 hours and 15 minutes on the back and 1 hour and 35 
minutes on the left. Five other patients were observed who did 
not bear out their stated position preference by their nocturnal 
behavior. When tested while awake, their symptoms were definite 
but not cogent. One, the tenth case, said that she could not lie 
on the right. She was recorded on the right 6 times, on the back 
10 times and on the left 4 times. The eleventh said she did not 
like to lie on the back. She was recorded on the right 47 times, 
on the back 29 times, on the left 37 times and on the abdomen 35 
times. The twelfth said he could not lie on the back and disliked 
the left. He was found on the right 3 times, on the back 3 times, 
on the left 4 times and prone twice. The thirteenth said her worst 
position was supine and her best, prone. She was found on the 
right 6 times, supine 11 times, on the left twice and prone 12 times. 
The fourteenth, a girl with rheumatic heart disease, 7 months’ 
pregnant, preferred the right or prone positions and could not 
tolerate the left; she was found on the right 3 times, supine 3 times, 
on the left twice and prone 5 times. <A factor which complicated 
the interpretation of the foregoing observations was that most of 
these sick cardiac patients desired some elevation of the head at 
night. Thus all but the first, fourth, fifth, eleventh and twelfth 
had the head of the bed elevated from 30 to 45 degrees when their 
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nocturnal positions were charted. Patient 4 was observed at 
another time with the head of the bed elevated 30 degrees and was 
found on the right 8 times, on the back 4 times, on the left twice 
and prone 7 times. Thus, elevation of the head of the bed enabled 
her to tolerate certain positions which she had not assumed when 
horizontal. We conclude that patients with trepopnea of an 
advanced degree show a definite difference from the normal noc- 
turnal position pattern, and do not lie at night on the side upon 
which they say they cannot lie. As the symptom gets less marked, 
they tend to resume the normal nocturnal pattern. Those who 
do not really have cogent symptoms, even though they are uncom- 
fortable on a given side during waking hours, are found to assume 
that position during sleep. 

(d) Certain patients without heart disease stated that they had 
a definite preference for a certain recumbent position and the 
modification of their nocturnal position pattern confirmed their 
statement. Two were asthmatics; 1 could not lie on the left and 
showed a pattern of R-3, B-13, L-+0;* one could not lie on the back 
and showed a pattern of R-31, B-9, L-16. A third had ulcerative 
colitis and said if he lay on the left it precipitated a bowel move- 
ment; he showed a pattern of R-10, B-2, L-0. A fourth patient 
with pulmonary tuberculosis and artificial pneumothorax on the 
left could not lie on the side of the pneumothorax; he showed a 
pattern of R-3, B-9, L-0. A fifth with an intradbdominal abscess 
could not lie in any position but on the back; he showed a pattern 
of R-1, B-76, L-0. A sixth patient with malignant metastasis to 
the spine could not lie on the right and showed a pattern of R-0, 
B-2, L-6, abdomen 4. The seventh patient said he could not lie 
on the back; we have no adequate explanation for this; he showed 
a pattern of R-11, B-), L-1. Three very fat women apparently 
had real trepopnea but were not watched at night. The first liked 
the right best and could not lie on the left. The second liked the 
back best, the abdomen next and could not lie on either side. The 
third liked to lie on her abdomen best, and on the back next. She 
could not lie on either side. 

(e) Certain patients who might have been expected to prefer 
certain recumbent positions to others did not. One patient with 
myelogenous leukemia with an immense spleen showed no prefer- 
ence. One patient with tremendous neoplastic hepatic enlargement 
had a pattern of R-7, B-10, L-2. Three women, pregnant, near 
term, showed some modification of the normal pattern, 7. ¢., the - 
first, R-9, R-9, L-8; the second, R-15, B-7, L-3; the third, R-5, 
B-12, L-2, abdomen 2 (inclined to the right). 

6. CERTAIN CARDIOVASCULAR PHENOMENA WERE STUDIED DvrR- 
ING THE ASSUMPTION OF THE UNFAVORABLE Position. (a) The 
Heart Sounds. In a few instances, systolic murmurs seemed to 


* R, right; B, back; L, left. 
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become louder after the patient had maintained the left lateral! 
position for a few minutes. The fact that the mitral diastolic 
murmur is intensified by lying on the left is well known. In the 
past we have believed this to be due to the closer approximation of 
the heart to the stethoscope on the left chest wall. 

(b) The Pulse. The rate, rhythm and volume of the pulse 
showed no consistent change. Pulse tracings have not been taken. 
One individual showed a pulsus bigeminis which lasted for 2 minutes 
each time he turned to the left. If he maintained the position, 
the arrhythmia disappeared. The occurrence of a few extrasystoles 
when a patient assumed an unfavorable position was not uncommon. 

(c) Blood pressure changes have been inconstant, and difficult to 
evaluate. A definite rule may develop as observations multiply, 
but it is not as yet evident. 

(d) Electrocardiographic records were taken in 7 patients. They 
showed no change in an unfavorable position which could be con- 
fidently attributed to a change in cardiac action. 

(e) The venous pressure has not been taken. Observation of the 
appearance of the cervical veins suggests that a rise in venous 
pressure is not a regular occurrence when an unfavorable position 
isassumed. Four patients who complained of a fullness in the head 
and a feeling of the eyes bulging from their sockets in certain recum- 
bent positions showed an increased prominence of their cervical 
veins. 

(f) Cardiac output measurements have thus far been made in only 
1 subject, a man aged 34, without evidence of heart disease, whose 
heart moved 6 cm. as he changed from one side to the other. He 
had no trepopnea, though he was sometimes conscious of throbbing 
in the chest as he lay on the left, and usually went to sleep best 
lying on the right. Four determinations were made by Dr. Isaac 
Starr, using the method described by him." The first, with the 
subject lying on the left, showed an output of 3.24 liters per minute. 
The second, with the subject on the right, showed an output of 
5.37. The third, with the subject still on the right, showed an 
output of 4.82. The fourth, with the subject on the left again, 
showed an output of 4.37. The pulse counts, respiratory rates, 
blood pressure readings and oxygen consumption measurements 
showed the subject to be in a satisfactory basal state throughout 
all the determinations. The pulse varied from 56 to 60 per minute. 
The respiratory rate varied from 9 to 7.5. The blood pressure 

* varied from 100/76 to 88/62. The oxygen consumption in cubic 
centimeters per minute was 257.8, 267.2, 258.6 and 263.2, respec- 
tively, during the 4 determinations. 

E. Discussion of the Mechanism by Which Trepopnea Might Be 
Produced. The conclusion seems justified from the observations 
we have reported that this phenomenon cannot be accounted for 
by vital capacity changes nor by variations in relative levels of 
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right auricle and respiratory center (factors which have been 
advanced as explanations for orthopnea). We investigated the 
possibility that it might be due to pleural fluid. Four of the 52 
patients had pleural effusion on the right, and preferred lying on 
the right. However, in 28, physical examination supplemented by 
Roentgen ray study failed to demonstrate the presence of fluid 
in either side of the chest, and 3 others that came to necropsy 
had no definite effusion in either pleural cavity. The remaining 
17 cases had no physical signs of a pleural collection at the time 
they were studied for trepopnea, but Roentgen ray studies were 
not made. These observations indicate that pleural fluid does not 
account for this phenomenon. This conclusion is supported by 
the fact that several patients not in this group, with fairly large 
pleural effusions, did not have trepopnea. 

The most likely possibility that we can visualize is that trepopnea 
is due to movement of the heart in the thorax as the patient changes 
position, and that this movement causes pressure upon certain 
mediastinal structures which gives rise to the signs and symptoms. 
In support of this hypothesis, the following might be mentioned: 

(a) Roentgen ray studies show that the heart does move quite 
markedly as an individual changes from one recumbent position to 
another. 

(b) Observations at the necropsy table have shown us that a 
large heart moves with considerable force, as the position of the 
body is changed; and that it rests heavily upon the structures 
beneath it. 

(c) A study of mediastinal anatomic relationship (to be discussed 
below) and a consideration of the physiologic effects of pressure on 
certain structures in the neighborhood of the heart suggest that 
the symptoms of trepopnea could be produced by the movements 
of a large heart in one direction or another. 

(d) If the heart of a dog is mobilized by severing its attachments 
to the diaphragm so that it will move with change of posture, its 
action can be markedly embarrassed by placing the animal in 
certain recumbent positions, which tend to obstruct the great vessels. 

(e) Very slight changes in the position of the dog cause marked 
changes in the action of the heart.” Very slight changes in the 
position of a patient may cause the appearance or disappearance 
of very distressing symptoms. 

(f) Rumpf,” Pick,? Hoffmann,® and Van Zant" have described a 
few patients with unusual mobility of the heart in the mediastinum 
(“das bewegliche Herz’). These patients suffered dyspnea and 
precordial discomfort when lying on the left. An unusual propor- 
tion of them were fat people who had recently taken a hunger cure. 
One patient had heart disease but this fact was not given much 
prominence, since the author was studying cardiac mobility. This 
syndrome suggests that an unusual degree of movement of a normal 
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heart is capable of causing the symptoms of trepopnea. The 
greater frequency of such symptoms in patients with heart disease 
might be explained on two grounds: (1) A large heart probably 
moves with greater force than one of normal size; and (2) a weak 
heart is apt to be disturbed more readily by impediments to the 
mediastinal vascular channels than is one with normal power. 

The foregoing thoughts led to an investigation of mediastinal 
anatomy to determine which structures might be affected by move- 
ment of the heart. Many possibilities presented themselves: 

(a) In certain cases of mitral stenosis the left bronchus is known 
to be reduced in caliber by pressure from the left auricle. Possibly 
a slight further reduction of the bronchial lumen by pressure from 
an enlarged heart might cause dyspnea in much the same way that 
obstruction of one nostril will cause breathlessness during exercise. 

(b) Pressure by a large heart upon the lung itself or upon the 
nerves in it might cause respiratory distress. 

(c) The aortic arch makes an arc with a fairly large radius when 
the patient lies on the right and the heart falls toward the right. 
When the patient lies on the left or back the heart moves so as to 
* reduce the radius of the are. This might increase the work of the 
left ventricle. It might also produce throbbing in the chest, since 
under similar circumstances the heart of a dog will “bounce”’ with 
each heart beat. 

(d) When an individual lies on the side the act of inspiration 
raises the heart, as described above, sometimes a distance of several 
centimeters. When the heart is large this should cause extra work 
for the diaphragm as it descends, and might bring on dyspnea. 

(e) The fact that a light grasp of the left ventricle of a dog causes 
a marked reduction in blood pressure suggests the possibility that 
the force with which a large heart presses against the chest wall 
might be enough to cause symptoms. However, not all hearts 
which lie on the chest wall give rise to symptoms, and hearts which 
give rise to symptoms do not all press against the chest wall. 

(f) The one possibility which seems most probable, however, 
has to do with obstruction of the venous return from the lungs. 
The following facts support this explanation: First, an increase of 
pressure in the pulmonary circulation is known to give rise to respi- 
ratory reflexes> and therefore might cause the respiratory symptoms 
of trepopnea. Second, a relatively small amount of force would be 
required to obstruct blood flow through the pulmonary veins and 
left auricle, because of the low pressure within these structures. 
Third, anatomic considerations suggest that this force could be 
readily supplied by the movement of a large heart in the mediasti- 
num. If one inserts a finger in the lower end of the esophagus of 
a supine cadaver with cardiac enlargement, before the chest is 
opened one can appreciate that the heart rests quite heavily on the 
structures behind it, 7. e., the pericardium, spine and aorta. The 
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left auricle and pulmonary veins lie posteriorly, and might readily 
be compressed between the heart and spine, or they might be kinked 
as they enter the pericardium, by a twist of the heart. Of all the 
pulmonary veins, the large left inferior vein is situated where it 
could be obstructed most readily. Moreover, its obstruction could 
be brought about most adequately if the subject lay on the back, 
inclined toward the left (¢. ¢., in the position most frequently pro- 
ductive of symptoms in trepopneic patients). Pressure of the 
heart on some structure behind it is especially suggested as a cause 
for the symptoms in those patients whose most comfortable position 
is the prone one, a position which would not seem conducive to 
free breathing, but which would have the one virtue of removing 
pressure from the left auricle and left inferior pulmonary vein. 

The less common symptoms might also be accounted for by the 
movement of the heart: A coronary artery might occasionally be 
kinked near its orifice by a twist of the heart on its pedicle, thus 
causing anginal pain.” The patient who experiences abdominal 
pain in a certain position might be suffering from obstruction of the 
inferior vena cava or hepatic veins. Those individuals who have 
congestion of the face, fullness in the head and bulging feelings in 
the eves may have an obstruction of the superior vena cava. Move- 
ment of the heart might also account for the fact that certain 
patients when sitting up are dyspneic leaning back, and comfortable 
leaning forward. 

The variations we have observed in the side which is preferred 
and in the symptoms which are produced by lying in certain recum- 
bent positions, might be accounted for by anatomic and pathologic 
variations in mediastinal structure. These differences in symptoms 
and in position preference suggest that, if altered mediastinal rela- 
tionships cause trepopnea, the structures involved are probably not 
always the same in each instance. The fact that certain patients 
with congestive failure and marked cardiac enlargement can lie 
comfortably in all recumbent positions is difficult to understand. 
However, no other available explanation seems to account for the 
phenomenon of trepopnea as adequately as the hypothesis that it is 
due to movement of the heart in the thorax. 

Blumgart and Ernstene have reported that many cardiacs are 
comfortable with the head flexed on the chest and are uncomfortable 
with the head extended. Though their deductions from this observa- 
tion’ have been questioned,’ the observation itself has been confirmed 
by us. We might add that this takes place in some patients as they 
lie on the side as well as when they lie on the back. In the cadaver 
it can be shown that the aortic arch and pericardium are fixed to 
the deep cervical fascia, and that these structures can be pulled up 
as much as several centimeters, when the head is extended. This 
might alter mediastinal relationships sufficiently to cause symptoms 
on the basis of the hypothesis we have outlined. 
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F. The Implications Which Result From These Observations. 
1. CONCERNING THE MECHANISM OF PRODUCTION OF ORTHOPNEA: 
We wish to point out (a) that no entirely satisfactory explanation 
for orthopnea is available, (b) that orthopnea and trepopnea seem 
related, (c) that the latter is not explainable on the basis of: Vital 
capacity changes,®> hydrostatic factors of anatomic origin,’ or vari- 
ations in relative levels of right auricle and respiratory center,' 
(d) that this casts additional doubt upon the correctness of these 
explanations for orthopnea and (e) that the hypothesis we have 
outlined as a possible explanation for trepopnea, may help to 
explain orthopnea also. Point (b) might be discussed in a little 
more detail: Although trepopnea may appear in a patient long 
before orthopnea develops, and although some patients are orthop- 
neic but have no trepopnea, a relationship between orthopnea and 
trepopnea is suggested by the following: (1) The symptoms which 
are produced by assuming an unfavorable recumbent position are 
the same as those which are experienced by an orthopneic patient 
when he lies flat in bed, namely, dyspnea and precordial oppression. 
Moreover, the dyspnea in both may be primarily a subjective 
sensation, as described above. (2) Both orthopnea and trepopnea 
may change as cardiac failure appears and disappears, and both 
show the same variation between “necessity” and “ preference.” 
(3) These two phenomena are seen in the same general group of 
patients. (4) They are frequently seen combined in 1 patient, 7. ¢., 
an individual if uncomfortable lying flat on his back or on the left 
may be able to achieve comfort either by sitting up or by remaining 
flat and rolling to some other recumbent position such as the right 
lateral or the prone position. This point, in addition to suggesting 
a relationship between orthopnea and trepopnea, furnishes evidence 
which is extremely damaging to an accepted explanation for the 
former: When dyspnea, caused by lying supine, can be relieved by 
assuming either of two other positions, one which increases the vital 
capacity and the other which does not, it is difficult to believe that 
vital capacity changes explain the relief. 

2. CONCERNING THE MECHANISM OF PRODUCTION OF NOCTURNAL 
Dyspnea. The reason why cardiac patients should wake up in the 
middle of the night with “acute left ventricular failure,’’®*'4 when 
their hearts should be working at a minimum rate, has long been 
a mystery. We have the following evidence to present on this 
point: (a) We have witnessed 1 severe paroxysm of dyspnea, and 
have been told by our patients of 5 others which were produced 
by maintaining an unfavorable recumbent position too long. Many 
mild attacks have been observed which have forced the subject to 
sit up to get his breath. A typical story was told by 1 of our 
patients with trepopnea, who was uncomfortable when lying on 
the left side. We asked him to find out how long he could maintain 
that position when he went to bed. The next time we saw him he 
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reported that he had stayed on that side for a half hour that night. 
He had then become so dyspneic and weak that he was almost 
unable to move. His wife assisted him to a sitting position, and 
after 15 or 20 minutes of cough, dyspnea and severe precordial 
discomfort he recovered. She made him promise not to try it 
again. (b) Many patients with trepopnea have been questioned 
about nocturnal dyspnea. Most of them state that they wake 
up at once when they turn to an unfavorable recumbent position 
and can never tolerate it long enough to bring on a bad attack, 
even when asleep. Our observations of their nocturnal behavior 
cast doubt upon such statements by some individuals. However, 
only 4 of our patients with real trepopnea have had attacks of 
severe nocturnal dyspnea. (c) We have not studied enough patients 
with paroxysmal nocturnal dyspnea to be able to say whether, as 
a group, they do or do not routinely show trepopnea. (d) A few 
patients with very slight evidences of trepopnea have described 
attacks of severe dyspnea which occur at night and wake them from 
sleep. They said these seizures occurred only when they were on 
the left. Two volunteered this information without being ques- 
tioned. One of these was a physician. The other was a colored 
man who came to the clinic with the chief complaint of nocturnal 
attacks of dyspnea which he termed “witch ridin’ spells.” Both 
he and his wife were certain they were caused by his lying on the 
left side. The evidence concerning the relationship of trepopnea 
and paroxysmal nocturnal dyspnea might be summed up by saying 
that: Severe paroxysms of dyspnea can be produced by lying in 
an unfavorable recumbent position too long. Paroxysmal nocturnal 
dyspnea might therefore conceivably be caused by a patient rolling 
into an unfavorable position while asleep and not waking up until 
cardiac embarrassment became severe. That this mechanism actu- 
ally operates has not been demonstrated. If it does, the evidence 
at hand suggests that the individuals who suffer are those with 
mild rather than severe types of trepopnea. 

3. CONCERNING THE Reason Wry PLEvuRAL EFFusion in HEART 
DisEASE Is as A RuLtE More MarKeEpD ON THE Ricut THAN ON 
THE Lerr. Steele and Stengel’? suggested that pressure on the 
azygos vein might account for this fact. More recently Dock* has 
invoked “hydrostatic factors of anatomical origin” to account for 
it. He states that most cardiac patients prefer lying on the right 
to lying on the left because of consciousness of the apex beat in the 
latter position. Thus the right side, being more frequently depen- 
dent than the left, has the higher pulmonary venous pressure, and 
therefore the greater tendency to transudation of fluid. There are 
other points in his argument which we will not recount. We have 
the following factors to add: (a) There are symptoms, much more 
cogent than the “consciousness of the apex beat” referred to by 
Dock, which cause certain cardiac patients to prefer the right to 
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the left. (6) A few patients prefer to lie on the left and a few 
individuals collect more fluid on the left. (¢) We have found a 
few patients with right-sided effusions who have preferred to lie 
on the right, but we do not know which came first, the preference 
or the effusion. In 1, tapping of the effusion enabled her to lie 
on the left with much more comfort. (d) We have seen 1 cardiac 
patient with a right pleural effusion who had no trepopnea. The 
crucial observation has yet to be made, 7. e., do those who prefer 
the right later develop right pleural effusion, and do those who prefer 
the left later develop left pleural effusion? 

4. The only source from which we have been able to obtain 
literature on trepopnea was a patent medicine advertisement in a 
Philadelphia newspaper. The clipping was sent to us simultane- 
ously by 2 physicians who knew of our observations. The caption 
of the advertisement reads “Don’t sleep on left side, affects heart. 
Right side best.’’ Almost every physician has heard the statement 
“Tt is bad for your heart to lie on the left.’’. Probably most of them 
have regarded it as a mere superstition, possibly due to cardiac 
consciousness. The observations reported in this paper suggest 
that this bit of folklore, like many others, may be based upon a 
modicum of fact. Its incompleteness is illustrated by the story of 
1 of our patients who never realized he had real trepopnea until 
one day a druggist told him it was “ bad for his heart”’ to lie on the 
left. That night he lay on the right. Before long he became so 
weak and dyspneic that he could barely attract the attention of 
his mother in the next room, who came in and revived him. He 
was one of those individuals who can lie on the left or prone, but 
who cannot lie supine or on the right. 

5. The intensification of a mitral diastolic murmur by having 
the patient lie on the left has been rather generally assumed to be 
due to the fact that this position brings the heart closer to the 
left chest wall. However, this assumption may be only partly 
correct. Other significant factors may be (a) a change in blood 
flow through the mitral valve and (b) an actual distortion of the 
mitral orifice by external pressure on the left side of the heart. 

6. If our preliminary observations are correct it may be necessary 
for students of cardiac output to state the exact recumbent position 
in which their subjects lie when tested. 

7. The question arises as to whether knowledge of this phenome- 
non will have any bearing on the treatment of patients with heart 
disease. Since those with fully developed trepopnea will not lie 
on the unfavorable side, it seems that they have taken care of 
themselves for years without the doctor’s help. It might be well, 
however, in nursing a cardiac patient, especially if he is narcotized 
or unconscious for any reason, to be cognizant of the possible exist- 
ence of this phenomenon. The order “turn the patient from side 
to side every hour” may have to be modified. Moreover, it may 
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be possible, if our speculations prove correct, to avoid attacks of 
nocturnal dyspnea, by making it impossible for a patient with this 
condition to lie on the unfavorable side. This might be accom- 

plished by some sort of harness, by the judicious placing of pillows, 

or by sewing a hard object into the night clothes on the side to be 

avoided. 

Summary. 1. Certain cardiac patients who are able to lie com- 
fortably in one recumbent position cannot tolerate another. 

2. They usually prefer the right and dislike the left, but there 
are many variations. 

3. Dyspnea and precordial discomfort are the most common 
symptoms which are experienced in one horizontal position and 
relieved by assuming another. Cough and anginal pain are less 
frequent. Fatigue, dizziness and palpitation are also described. 
These are the same symptoms which lead an orthopneic patient 
to sit up. 

4. Patients with this syndrome usually show considerable cardiac 
enlargement and definite reduction in cardiac functional capacity. 
The symptoms may change in intensity as the clinical condition of 
the patient changes. There is no apparent correlation between 
the position the patient prefers and any known cardiovascular 
characteristic, such as type of lesion, type of failure or shape of 
heart. 

5. Observation of patients in their unfavorable recumbent posi- 
tions shows that their complaint of dyspnea is probably a subjective 
phenomenon, a sense of suffocation, which may or may not be 
accompanied by obvious increase in rate or depth of breathing. 
This is also true of orthopnea. 

6. Roentgenologic study shows that the heart may move con- 
siderably as a patient changes from one side to the other; that the 
intensity of symptoms is not proportional to the distance the heart 
moves; that the shape of the heart and aortic arch may change 
markedly as the subject changes position; and that, with the patient 
in lateral decubitus, the heart is lifted during each inspiration, 
sometimes a distance of several centimeters. 

7. The vital capacity does not tend to be greater in the most 
favorable recumbent position than in the most unfavorable one. 

8. Patients in whom this phenomenon is marked do not assume 
their most unfavorable position at night, even when asleep. Those 
in whom it is less well developed are sometimes found in an unfavor- 
able recumbent position during sleep, although they may deny that 
they can tolerate this position. 

9. Observations of the pulse, the arterial pressure, the cervical 
veins and the heart sounds have not as yet been productive of 


helpful information. 
10. Electrocardiographic tracings have failed to show a change 
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inan unfavorable position which can be attributed confidently to 
a change in cardiac action. 

11. One subject without heart disease or preference for any 
particular recumbent position showed a lower cardiac output on 
the left than on the right. 

12. Change of position of the heart with distortion of the large 
vascular channels in the mediastinum is suggested as a possible 
cause for this phenomenon. The venous return from the lungs 
might readily be obstructed by this mechanism. 

13. These observations may help to explain the mechanism of 
production of orthopnea and paroxysmal nocturnal dyspnea 

14. We have named this phenomenon “trepopnea™ for the sake 
of brevity, even though it does not express the concept adequately. 
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THE ORGANIC BACKGROUND OF SOME CASES OF SPASMODIC 
TORTICOLLIS. 
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(From the Pennsylvania Hospital for Nervous and Mental Diseases.) 


THe problem of spasmodic torticollis has fascinated neurologists 
for many years, but its solution is still far off. Gradually there 
have evolved two schools of thought: the organic, which maintains 
that all cases of spasmodic torticollis have their basis in destructive 
lesions of the basal ganglia svstem; and the psychogenic, which 
maintains that most cases of this sort are due to psychogenic factors 
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caused by profound disturbances in the emotional life of the patient. 
The truth lies probably between these two extreme points of view. 
Some cases have an organic basis, and others a psychogenic back- 
ground. It is even probable that both factors are operative in 
some cases, In view of the well-known influence which emotional 
stimuli have on organic conditions of all sorts. Because of the 
extreme divergence of the two schools of thought concerning the 
background of spasmodic torticollis, it seems wise to collect the 
evidence in support of one view or the other from time to time in 
order to clarify the problem. Furthermore, the very state of flux 
of the entire problem demands that evidence for or against one or 
the other viewpoint be recorded. Such an opportunity was given 
us recently in a case of spasmodic torticollis which had existed for 
many vears, in which there were marked changes in the basal ganglia 
system on histologic examination. 


Case Report. 9 Sjusmodic torticollis for 47 years in a man GO years of age. 
Wild evidences of choreo-athetosis in upper limbs. No change in pattern or 
increase in severity over many years. Striatal pathology. History. W. B., 
a white male, aged 90, was admitted to this hospital, December 16, 1900, 
at the age of 55, because of a marked depressive trend which had led him 
to attempt suicide. The family history was negative. The patient him- 
self had been quite well until ISSS. He had been a skillful gymnast as a 
voung man, and from the age of 25 had been constantly employed by the 
Philadelphia Fire Department. In 1888, he was struck in the right eye 
while at a fire and the eve became sightless. Subsequent to this accident 
he developed a tremor of the head and neck which gradually became worse 
but did not prevent his continuing his work as a fireman. On August 23, 
1900, he was struck on the back of the neck with a live wire and was severely 
burned. He fell some distance and was unconscious for about 3 hours. 
No increase in the spasmodic movements of his head was observed after 
this mishap. As the burn failed to heal properly, he became depressed, 
apprehensive and suspicious and in December he was placed in the hospital 
to prevent a repetition of his one attempt to hang himself. 

Physical Examination. The patient was a well-nourished, well-developed 
male. The hair was scanty. The chest was moderately emphysematous. 
The heart was not enlarged; the sounds were of poor quality, but there was 
no murmuring. The radial pulse was soft and compressible. The blood 
pressure was 130/90. The teeth were in poor condition with many cavities. 

Neurologic Examination. The right eve was blind. The left eve showed 
a marked arcus senilis and a small pupil which reacted promptly to light 
and accommodation. Movements of the left eve were full in all directions. 
There was flattening of the right face, but the mouth did not open very 
widely at best. The right shoulder was decidedly lower than the left. 
The tongue was protruded in the midline, but after a few seconds showed 
slow athetoid movements, and a tendency of the tip to point to the right. 
There was a coarse tremor of the tongue which became more noticeable 
after protrusion for some moments. 

The motor system showed definite impairment. The head was tilted 
to the left with the chin pointing to the right shoulder. This was not a 
constant position; at times it was held straight. Rotary movements of 
the head on the shoulder were done fairly well to the right and were very 
much more limited to the left. Hyperextension of the head was possible 
but limited. The right shoulder drooped and upon shrugging moved 
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through a much smaller are than the left. In addition to the position of 
the head there were many movements of interest. The fundamental state 
Was a coarse tremor of the head which was almost constantly present but 
which was aggravated on motion, on reading, or on emotional disturbance 
of any nature whatever. This was a nodding movement of the head to and 
fro. In addition there were quick choreiform twitchings which caused a 
sudden hyperextension of the head, pulled it suddenly backward and tilted 
the chin in the air. At times these movements caused a sidewise motion 
of the head. In addition there were slow athetoid-like movements of the 
shoulders, probably through action of the trapezius. There was a coarse 
tremor of the hands on extension and some ataxia, but this was not pro- 
nounced and was not an important feature. When the patient stood with 
arms by his side, however, one might observe slow, torsion-like movements 
of the head and choreiform movements of the hands, fingers and forearms. 
Athetosis was not as noticeable in the hands or arms as in the head, but 
was sometimes seen. The biceps, triceps, radial, patellar and ankle jerks 
were hyperactive and equal. There was no Babinski in either foot. No 
Gordon, Oppenheim or Chaddock was found. The station was normal. 
There was no incontinence of urine or feces. 

Laboratory Reports. Repeated blood counts and blood chemistry were 
normal. The urine was negative. The blood Wassermann and Kahn 
tests (1934) were negative. 

Course. The patient remained in the hospital for the rest of his life 
with little change in his mental condition except that he became incresas- 
ingly reticent and his memory became worse. The neurologic manifesta- 
tions likewise remained essentially unaltered through the years. The 
peripheral vessels became palpably sclerotic, the heart was occasionally 
irregular and in later years syncopal attacks developed. The highest 
systolic pressure ever observed was 160. The urea nitrogen was elevated 
(36.8 mg.) on one oceasion about a vear before his death and small amounts 
of albumin with a few casts were often found in his urine. He sustained a 
fracture of his right hip November 30, 1925, and died suddenly the follow- 
ing day. 

There was no change in the nature of the torticollis during his vears in 
the hospital. For the most part the head was held in a position of lateral 
rotation and flexion to the left; but more and more it tended to be pulled 
backward (Fig. 1). As on his original admission the movements were 
spasmodic. They were slow, athetoid-like movements and were associated 
with athetoid movements in the fingers and other parts of the body. At 
no time during the period of confinement was there any evidence of remis- 
sion from the spells of torticollis. 

Gross Brain. The brain (postmortem examination 3 hours after death 
weighed 1510 gm. There was thickening of the pia arachnoid over the 
cerebral hemispheres. The frontal and parietal gyri were moderately 
atrophic. The vessels of the circle of Willis were moderately sclerotic. 

Microscopic Studies. Routine sections were made through all parts of 
the cortex. Serial sections were made through the entire basal ganglia 
system. The sections were stained with toluidine blue and the Weil 
modification of the Weigert stain. 

Cortex. The pia arachnoid was fibrotic and thickened. It was adherent 
to the cortex in a few places. There were no signs of inflammatory involve- 
ment of the meninges. The cortical architecture was well preserved in all 
areas. In the frontal areas there was a scattered loss of cells in the Lamina 
Pyramidalis (111) but no more than was to be expected in a man of 90. 
There was a moderate hyalinization of the cortical arterioles in the frontal 
cortex. 


Patient showing the typical posture of the head held in extension.  Laters| 
movements were castonally seen, 


Phere is a slight reduction in size of the head of the caudate nucleus. Weil 
stain, 
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Fic. 3. Low-power photograph showing only two large ganglion cells in the puta 
men. These cells are reduced in number.  Toluidine blue stain 


Fic. 4.—Characteristic cell changes in the large ganglion cells of the neostriatum 
A, shows a large ganglion cell from the putamen. The nuclear definition is lost; the 
cytoplasm is hyperchromatic. A few small cells nearby show cytoplasmic swelling 
and pallor of the cytoplasm. In B is seen a large ganglion cell of the putamen under 
going neuronphagia. The cellular definition is indistinct. In C is a large ganglion 
cell from the caudate nucleus. The nucleus is swollen and excentric, the cytoplasm 
frayed, the Nissl substance lost. Toluidine blue stain. 
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Veostriatum. There were severe changes in both the putamen and 
caudate (Figs. 2 and 3). Both nuclei seemed equally affected. Both the small 
and large ganglion cells seemed diseased, but the large cells were more in- 
volved than the small. Some low-power fields contained only a single large 
cell; others contained from 1 to 3. All the large ganglion cells were diseased 
(Fig. 4). The nucleus was usually shrunken; sometimes it was swollen. The 
nucleolus not infrequently was swollen and took a pinkish tint. Often the 
nucleus was excentrically placed at the periphery of the cell. The nuclear 
membrane was intact in most of the cells; sometimes it was not visible. For 
the most part the nucleus stained lightly, but now and then one encoun- 
tered a pyknotie nucleus. The eytoplasm was severely diseased in all the 
cells. The nature of the damage varied from cell to cell. Usually the 
cytoplasmic membrane was intact, but in some cases it was gone. The 
Nissl substance was completely absent in most of the cells; in others it was 
pulverized and usually at the cell periphery. The cytoplasm was shrunken. 
Vacuoles of varying size and number were present in all the cells. All the 
cells also contained vellow lipoid pigment. In some this was very abundant, 
filling the entire cytoplasm; in others it was not very abundant. Neurono- 
phagia was quite active in many cells. Sometimes a ganglion cell was 
entirely replaced by glial cells. The small ganglion cells stained very 
lightly. The nucleus was swollen and the eytoplasm of every cell filled 
with a coarse yellow pigment. The perineuronal spaces were swollen and 
distended. 

The vessels of both the caudate and putamen were in surprisingly good 
condition. There were mild fibrotic changes in the arteriole walls, but no 
true sclerosis. One vessel showed perivascular infiltration with large round 
cells. Small granules of calcium, both discrete and coalescent, were found 
in both the putamen and caudate. 

Weil stains showed a definite decrease in size of both the caudate and 
putamen. There were a few large lacunw in the putamen of one side. 

Paleostriatum. In the pallidum there was a definite decrease in the 
number of ganglion cells. The remaining cells were all diseased. They 
all stained lightly. The nucleus was shrunken and pyknotic, the cytoplasm 
Was shrunken, the Nissl substance gone and there was an abundance of 
lipoid pigment in the cytoplasm. Shadow cells were occasionally seen; 
these were mere outline of cells. Caleium droplets were present throughout 
the tissue. ‘ 

Thalamus. There were no changes in the thalamus. The ganglion cells 
were normal in appearance and number. 

Substantia Nigra. The cells in both the Zona Compacta and Reticulata 
were normal in number. There was some depigmentation of the cells in 
this nucleus, but this was regarded as normal for this age. 

Vucleus Ruber. No changes were seen either in the large or small 
ganglion cells, 


Summary of Findings. The brain showed atrophy of the heo- 
striatum, marked disease of the large ganglion cells of the caudate 
and putamen, less severe involvement of the small ganglion cells 
and moderate disease of the pallidal ganglion cells. The cortex 
showed nothing specific and the other basal ganglia were normal. 

Comment. ‘The necessity for reporting every case of spasmodic 
torticollis for which some cerebral lesion has been discovered is 
illustrated first by the few cases which have been studied with 
necropsy, and second by the fact that only by the accumulation of 
more and more evidence can we decide the truth of the controversy 
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concerning the basis of spasmodic torticollis. The time has not vet 
come for the taking of sides; insofar as the organic aspect of the 
problem is concerned we are still very much in the fact-gathering 
stage. 

Report of Cases With Necropsy. The ablest and most strenuous 
proponent of the organic basis of spasmodic torticollis is Foerster 
who asserts that “spastic torticollis is a localized hyperkinetic 
condition limited to the neck muscles, which is due to an organic 
condition of the neostriatum.”" Tis evidence is based on the follow- 
ing facts: (1) Athetosis, generalized in the beginning, may dis- 
appear from the extremities and trunk and persist only in the neck 
muscles, giving a picture of torticollis. Foerster has seen this in 
cerebral diplegia, infantile hemiplegia and encephalitis. (2) ‘Torti- 
collis may for a varying period of time persist as a focal symptom 
and may later become part of a generalized athetosis. For Foerster, 
therefore, torticollis is a local athetosis which has its basis in a lesion 
in the neostriatum. He refuses to accept the emotional etiology of 
torticollis, and points out that during the World War there were 
thousands of all sorts of psychogenic reactions but very few cases 
of torticollis. 

Foerster reports one of the few cases of torticollis with necropsy. 
He found état criblé throughout the substantia innominata, the 
nucleus lentiformis, claustrum and some of the adjacent convolutions 
of the insula. The putamen was especially affected, both the large 
and small ganglion cells being diseased. Many of the vessels had 
thickened adventitial coats. Many of the vessels showed peri- 
vascular infiltration with lymphocytes. Foerster regarded the focal 
lesion in the putamen as responsible for the neck spasm in his case. 

One of the first necropsy studies in spasmodic torticollis was made 
by Bielschowsky in a.case reported by Cassirer.'. This was a man 
aged 29 who had had marked spasmodic spasm of the neck muscles 
for over two decades. There were also spasms involving the legs, 
arms and trunk. The clinical diagnosis was dystonia musculorum 
progressiva or torsion spasm. The patient died after an operation 
for relief of the torticollis. Bielschowsky found many ganglion cell 
shadows in the caudate and putamen, indicating subacute cell 
destruction. The larger cells of the neostriatum showed neurono- 
phagia. Fatty degeneration was frequently seen. There were 
many gitter cells in the perivascular spaces. Similar changes but 
to a lesser degree were found in the thalamus. There were, there- 
fore, changes in the putamen and caudate and to a lesser degree in 
the thalamus. 

Wimmer' reports a woman, aged 23, with tonic spasms of the 
neck, fingers, face and tongue in whom necropsy revealed marked 
microgyria of both frontal poles, a relative dysplasia of the right 
cerebral hemisphere, a large cyst extending from the right frontal 
pole to the inferior part of the right parietal lobe, a complete 
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absence of the caudate nucleus in the anterior part of the right 
cerebral hemisphere, and a marked atrophy of the right lenticular 
nucleus. Microscopic study revealed a marked loss of cells in the 
lenticular nucleus of the right side, the remaining cells showing 
atrophy, pyknosis and other evidences of disease. In this case, 
therefore, there were besides evidences of cerebral dysplasia, signs 
of neostriatal lesions on the right side. 

More recently, Grinker and Walker® report a case of spasmodic 
torticollis in a woman, aged 25, who had suffered with the disorder 
for 4 vears, and who died of respiratory failure during a posterior 
root resection for the relief of her torticollis. Necropsy revealed 
fibrosis of the meninges, with a moderate loss of cortical ganglion 
cells, moderate chronic ganglion cell changes, scattered perivascular 
infiltration with round cells in the cortex and an increase of glial 
cells with many regressive forms present. The basal ganglia re- 
vealed the following findings: Pallor and pigment deposit in the 
ganglion cells of the thalamus, with moderate perivascular infiltra- 
tion. Poor staining qualities of the ganglion cells of the caudate 
and putamen, and many areas of perivascular infiltration. The 
cells of the molecular laver of the cerebellum were greatly reduced 
in number, the Purkinje cells were reduced by half and there was 
pallor of the cells of the dentate nucleus. The cells of the substantia 
nigra were normal save for an occasional depigmented cell. Grinker 
felt that the process in his case was due to a chronic encephalitis 
characterized chiefly by hyperplasia of the meninges, perivascular 
round-cell infiltrations throughout the brain, chronic ganglion cell 
changes in the cortex and basal ganglia and cell loss in the cere- 
bellum. Tle was unable to localize the lesion which was responsible 
for the torticollis because of the diffuse nature of the lesion, but he 
felt that the case added “ one link to the chain of evidence suggesting 
that certain cases of spasmodic torticollis have an organic sub- 
stratum.” 

Summary of Necropsy Findings. There are with our case only 
° cases of spasmodic torticollis with necropsy studies. Of these, 
+ show unequivocal neostriatal lesions (Foerster, Cassirer, Alpers 
and Drayver). In the case of Grinker and Walker there was also 
involvement of the neostriatum, but there was in addition marked 
involvement of the cerebellum, and lesser involvement of the cere- 
bral cortex and thalamus. In Wimmer's case only the right caudate, 
putamen and pallidum were affected, but there was in addition 
severe destruction of the right cerebral hemisphere from the frontal 
to the parietal lobes and other evidences of cerebral dysplasia. In 
the case of Alpers and Drayer there was destruction not only of the 
caudate and putamen, but to a lesser degree of the pallidum. 

While either a pure or a predominant neostriatal lesion was 
present in 3 cases, and while in the 2 other cases the neostriatum 
was affected, there were in the latter sufficiently widespread involve- 
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ment of other parts of the brain to throw some doubt on the purely 
striatal localization of the lesion in these cases of spasmodic torti- 
collis. The significance of these other findings is not clear. For 
that matter, the significance of the striatal change is not clear in 
explaining the pathogenesis of the movements of torticollis. In 
any event, it is fair to state that the striatal changes are Common to 
all the 5 cases reported. However, the other findings cannot be 
disregarded. They would appear to be of less value than the neo- 
striatal findings because of the 5 more or less pure cases of striatal 
lesions with pictures of true torticollis and with no involvement 
of the cerebrum or cerebellum. 

The few cases with necropsy studies should not occasion too 
great surprise, since torticollis is not a cause of death. These 
patients live for many years, probably disappear from observation 
and do not die in hospitals where, of Course, necropsy studies are 
most likely to be performed. Of the 5 cases reported, 2 have died 
during operations for relief of the torticollis. 

Significance of the Necropsy Findings. If we assume that spas- 
modic torticollis is an athetoid movement, and that choreo-athetosis 
is due to lesions in the neostriatum, then the findings in the latter 
have definite significance. They certainly cannot be disregarded. 
The question arises then how it is that a focal movement of the 
neck muscles is produced by cell disease in the neostriatum. The 
answer to this is givenin part by the investigations of C. and O. Vogt, 
who showed that there is in the striatum and pallidum a rough sort 
of localization which corresponds to that found in the cerebral 
cortex. It is difficult nevertheless to reconcile those cases of torti- 
collis with complete destruction of the neostriatal cells. 

In our present state of knowledge it is possible only to state that 
in some cases of spasmodic torticollis there is an organic basis, that 
this basis is either partial or complete destruction of the neostriatum, 
and that its significance for the pathogenesis of the torticollis is 
not vet clear. This must depend on the recording of further cases 
which may help to clarify the problem. 

Conclusions. |. A case of spasmodic torticollis with necropsy 
findings is recorded. These consisted of destruction of the large 
cells of the caudate and putamen, and less damage to the smaller 
cells and to the cells of the pallidum. 

2. Four other cases of spasmodic torticollis with necropsy studies 
are reported from the literature. 

3. The conclusion is reached that in some cases of spasmodic 
torticollis there iz an organic basis. 
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NORMAL AND GUINEA-PIG 


PITUITRIN INJECTIONS AND THE BLOOD PICTURE IN 
NORMAL AND HYPOPHYSECTOMIZED GUINEA-PIG. 


By W. DD. Pad., 
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AND 
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EDMONTON, CANADA, 


From the Department of Biochemistry and the Department of Physiology and 
Pharmacology, University of Alberta 


IN his recent review of the endocrines in blood disorders, Hubble, 
referring to the anemia of Simmonds’ disease and of Fréhlich’s 
syndrome, Comments on the dearth of experimental evidence for or 
against some essential role for the pituitary gland in hematopoiesis. 
Collip! mentions obtaining evidence suggestive of an effect of 
pituitary extracts rich in the adrenotropic hormone on the blood- 
forming organs, and Houssay*® has observed a slightly subnormal 
hemoglobin content of the blood of hypophysectomized rabbits. 
Dodds and Noble® have shown that the gastric dysfunction resulting 
from the injection of massive doses of pituitrin into experimental 
animals is accompanied by a severe macrocytic anemia from which 
the animals spontaneously recover. Control extracts of other 
tissues were shown to have no such adverse etfect. 

In this paper are recorded the hematologic findings on guinea- 
pigs deprived of the pituitary gland. The effect of injecting rela- 
tively large doses of pituitrin into these and into normal animals 
has also been observed. 


Experimental. For the operation active, healthy guinea-pigs of about 
500 to 600 gm. were chosen. Both males and females were used. They 
received no special care other than being well fed and comfortably housed. 
The pituitary operation was carried out by one of us (M. K. MeP.) 
according to the method described by MePhail and Parkes.* Some diffi- 
culty was first experienced in keeping the animals alive after the operation, a 
large percentage dying of bronchopneumonia. This difficulty was ulti- 
mately overcome by speeding up the operation so that the duration of ether 
anesthesia was made as short as possible. The improvement in survival as 
a result of this simple change in technique was quite remarkable, and very 
few animals were now lost. It was only after the success of the operation 
was assured, that is, when 2 weeks after the operation the animals appeared 
active and healthy, and had not suffered an excessive loss of weight, that the 
blood studies were begun. Blood was obtained from the ear lobe. The 
hypophysectomized animal bleeds remarkably freely compared with the 
intact animal, but the blood clots readily. Excessive bleeding was carefully 
guarded against. Hemoglobin determinations were made with a Sabli 
hemoglobinometer which had been standardized by oxygen-combining 
capacity measurements made by the Van Slyke technique. The reticulo- 
cyte counts were made by the procedure outlined by Jacobson.® 

The pituitrin employed was a Parke, Davis & Co. product containing 
10 pressor and 10 oxytocie units per cc. and was injected either subcutane- 
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ously or intraperitoneally. In preliminary experiments hypophysectomized 
and normal animals were injected with 5 cc. of pituitrin. Extreme shock, 
with the majority dying in a comatose state, was the result. In subse- 
quent experiments, when the single injection never exceeded 3 ce., only one 
fatality occurred. 

At postmortem a careful check was made of the success of the operation. 
In addition the upper portion of the alimentary tract was examined macro- 
scopically. In all eases the fundus portion of the stomach was sectioned 
and a microscopic examination made. 


TaBLe 1. GUINEA-PIGS. 


Guinea-pig. No. 101. gm Cjuinea-pig No. 


tes 


gin 


Days 
postoperative, 


Body 
millions) 


weight 


per cent 
Da 
postoper 


R 
Reticulocytes 


Reticuloey 


Normal average*) 


3 


Postmortem Notes Hypophysectomy com- 


plete, testes small and flabby. Seminal vesicles Postmortem: Hypophysectomy complete 
still quite large 


* According to Scarborough, R. A., Yale J. Biol. and Med., 3, 63, 169, 1930; 3, 267, 359, 431, 
547, 1931; 4, 69, 1931. 

Discussion of Results. In ‘Table | the blood findings with hypo- 
physectomized guinea-pigs over a period of 1 to 2 months are given. 
These results are representative of the data obtained with a number 
of other pigs not included in the table, and show when compared 
with the levels for intact guinea-pigs of which the initial values in 
Table 2 are typical that removal of the pituitary gland exerts very 
little, if any effect on the red-cell count and hemoglobin content of 
the blood. 

The injection of pituitrin into intact guinea-pigs in amounts of 
the order of 5 to 10 cc. per kg. body weight produces an anemia of 
varying degree of severity (Table 2). In these experiments the in- 
jection of this pituitary extract was followed in a day or two by a 
hardening of the abdominal wall. The necrosis in some cases was 
confined to a small area at the site of injection, while in other ani- 
mals it was more profuse. In some animals the condition did not 
occur. In the case of guinea-pigs Nos. SO and S1, particular care 
was taken to inject the pituitrin extremely slowly into the peritoneal 
cavity, taking at least 5 minutes to administer the dose. In 1 case 
a severe necrosis resulted, while the other animal was not affected. 
It was observed that in these experiments in general the severity and 
duration of the anemia and the magnitude of the reticulocytosis was 
greatest in those animals in which the necrosis and sloughing was 
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tnost extensive. This was particularly indicated in the results 
(Table 5) of injecting pituitrin into the hypophysectomized ani- 
mals. Since the onset of the anemia came somewhat later than 
Dodds and Noble found, we have tried the injection of larger 
amounts of pituitrin, given in repeated small doses. The results 
shown in Table 4 were not significantly different from the previous 
Ones, 


Tanne 2.) Normar Guinea-pios (Prrvrrrin 


No Sl 367 em, 


Day of imjection (in 
jected 3 piturtrin 
Days after injection 


Condition of abdominal Induration— no Profuse necrosis No induration « 
wall, wound large wound with necrosis 
sloughing 


Body weight at end of experiment (em 5 45 


TaBLe GuINeA-PIGs. PrrurrRIn INJECTION 


No. 104 2 600 gm. No. 105 2 546 gm No. 120 2 565 gm 
Time from 
operation 16 days 14 days. 


Hh Let . R. Hb. Retic. 


Day of injec- 4.96 11.0 1.4 5.11 10.9 1.0 
tion (inject- 
ed 3 ce. pit- 
uitrin) 

Days after in- 

jection. 
4 10.4 


l 


( ) 
Weight at completion of experiment 
(gm.) 465 


Condition of abdominal wall— Profuse No induration Necrosis —large wound— 
necrosis large wound with sloughing. necrosis. sloughing. 


Postmortem Notes: Hypophysectomy Hypophysectomy com- Hypophysectomy com- 
incomplete, Left half of anterior—lobe plete pituitary fossa plete. 
in place, but paler than normal. Uterus clean. Ovaries | small 
pale and large. uterus large. 
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TABLE GuINea-pics; Prrurrrin (Repeatrep INsecTIONs) 


No. 135. 9 489 em. No. 124 9 582 gm. No. 126 535 gm 
Time from operation 15 days 14 days. 14 days. 
R. B.C Hb Retic. Hb Retic Hb. tetir 
Day of Ist injection of 1 ce 
pituitrin Ww 1.3 513 10.5 1.8 105 2.0 
Days after Ist injection 
1 (2d injection, 2 ce, pitu- 
itru 
2 §.12 16 5.13 1.2 4.85 0 3 18 
} (Sd injection, 2 ec. pitu- 
itrin 
1.51 10 4.77 113 1.0 4 vt 19 
5 (Ath injection, 2 ee. pitu- 
itrir 
6 SS | 4.58 9.7 1.9 2 76 8 7 
2.57 22.7 1M) 9.7 2.9 ».39 su 
10 2.45 74 21.7 1 87 8.6 22 0 His 87 
12 a 7.4 13.2 4 s4 16.0 1 38 9.2 22.0 
14 sl Ww 9.2 ¢ us 14.4 
15 a? 11.0 th 1 170 as 8.3 
17 ay 2.75 61 2 41 | 
Weight at completion of experiment (2m $05 440) 
Condition of abdominal wall—induration—-no necrosis. Induration—no necrosis Extensive necrosis and 
hing 
Postmortem Notes: Hypophysectomy complete Hypophysectomy com- Possible that fragment of 
let anterior lobe not removed. 


Uterus and ovaries small 


Macroscopic and microscopic examination of the stomach of 
every animal (Dr. J. W. MacGregor) showed that, in all cases, the 
stomach appeared normal, there being no ulceration. The mucosa 
was perfectly intact and showed no scarring. While it is still pos- 
sible that an inflammatory condition had been present and that the 
animals had recovered before autopsy, there was no evidence that 
there had been any acute perforative lesions of the fundus region of 
the stomach. 

Selye, Stehle and Collip’ have confirmed the fact that the in- 
jection of pituitrin can produce severe hemorrhagic lesions of the 
acid-bearing region of the stomach and have shown further that the 
pressor principle is responsible for this effect. If in our experi- 
ments such lesions had not occurred, as appears to be the case, it 
may be that the number of pressor units injected was too small 
or that the material was poorly absorbed. Whatever the explana- 
tion, it is particularly significant that, nevertheless, a severe anemia 
did develop and that several of the animals were still extremely 
anemic at the time of the autopsy. 

In general, nothing suggestive of a hormonal connection between 
the pituitary gland, gastric function and blood formation has come 
out of these experiments. 

Summary. 1. [ypophysectomy of the guinea-pig did not result 
in any marked change in the red-cell and hemoglobin content of the 
blood. 

2. The injection of relatively large doses of commercial pituitrin 
into normal and hypophysectomized guinea-pigs was followed, 
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after a rather prolonged period, by the development of a severe 
anemia. 

3. The postmortem examination of these guinea-pigs, some of 
which were still markedly anemic, did not show any occurrence of 
acute gastric lesions. Microscopic examination of sections of the 
fundus failed to reveal any indications that ulceration had occurred. 


For much special assistance we have to thank Dr. J. W. MacGregor (Assistant 
Provincial Pathologist) and Dr. M. M. Cantor (of the Department of Biochemistry). 
We wish to record our thanks to Messrs. Parke, Davis & Co. who have generously 
placed pituitrin at our disposal. To the Carnegie Research Grant committee of the 
University we are indebted for a grant for expenses. 
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RECURRENCE IN MIXED TUMORS OF THE SOFT PALATE. 


By Jonarnan E. Ritoaps, 
FELLOW IN SURGERY, 
AND 
Paut M. Mercray, Jr., M.D., 
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From Surgical Clinie, Hospital of the University of Pennsylvania; the Hunter- 
Agnew Laboratory of Surgical Pathology of the Department of Surgery, 
and the Harrison Department of Surgical Research.) 

RECURRENCE in mixed tumors of the soft palate is extremely rare 
for the following two reasons: First, although it has been gener- 
ally assumed that these tumors are analogous in all ways to mixed 
tumors in the parotid, the literature shows that they differ from 
the corresponding parotid tumors in that recurrence is unusual. 
Furthermore only 60 mixed tumors of the soft palate have been 
reported. Beck! reported a case that recurred 3 weeks after sur- 
gical removal, and within 5 weeks was the size of the original 
tumor. In a discussion of mixed tumors of the palate, Patey' 
referred to a case with recurrence after 2 vears. He failed to 
mention whether the tumor originated in the hard or soft palate. 
Duany® recorded a recurrence confirmed by biopsy 7} vears after 
electrocoagulation of the original tumor. | At the time of the report 
! month later, the lesion had been reduced in size though not cured 
by radium therapy. 

The following case was originally reported by Dr. Robert Ivy ;'e" 
it is presented again because of a very late recurrence. 
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Case Report. The patient, a white woman, aged 52, was readmitted 
to this hospital on the service of Dr. Alfred Stengel, August 21, 1935. 
She had two groups of symptoms with no apparent relation between them. 
Her major complaints were a burning pain in the right lower quadrant 
and legs, and a lump in the palate. The former had begun 6 months before 
and as it was associated with absence of the patellar and Achilles reflexes, 
with wasting and weakness of the legs, and with diminished vibratory 
sensation, it was thought to be a neuritis secondary to diabetes mellitus 
which had been discovered a few weeks before admission. 

The history of the tumor in the palate was of much longer duration. 
About 21 years previously a tumor had appeared in the left side of the soft 
palate. Excised in February, 1914, it was diagnosed mixed tumor. The 
patient experienced no further trouble until about 1925, when she noticed 
another small swelling in the same location. Since 1925, the lesion gradu- 
ally but steadily enlarged to the size of a pecan nut. The only symptom 
was a constant awareness of the tumor. The patient had experienced no 
pain and no difficulty in swallowing, breathing, or talking. 

The tumor was situated slightly to the left of the midline and was approxi- 
mately 2 cm. in its anteroposterior diameter and slightly less in the other 
diameters. It was firm, smoothly covered with mucous membrane and 
not tender. It was movable but moved more readily near the free border 
of the palate than anteriorly where it was splinted by the hard palate. 

On August 31, 1935, the patient was transferred to the surgical service 
of Dr. I. 8. Ravdin. On that date, using infiltration anesthesia, the tumor 
was excised. It was circumscribed by a friable capsule which was quite 
definite on the buccal side but seemed less distinct on the nasal side. The 
capsule broke before excision was completed. The interior of the tumor 
was composed of whitish material that crumbled readily without bleeding. 
This was removed and the remainder of the capsule dissected out. The 
wound was closed without drainage but separated on the 5th postoperative 
day and healed secondarily. The patient was discharged on the 14th 
postoperative day and returned for postoperative irradiation 2 weeks later. 
At this time healing was complete. The patient reported after 11 months 
that she had no evidence of recurrence. 

Pathologic Report. Grossly, the specimen consisted of several pieces of 
tissue removed from the soft palate. Together they measured about 2 cm. 
in diameter. The tissue was pale and soft. It was not possible to identify 
the complete capsule. 

Microscopically, the tumor varied greatly in different sections. Some 
areas were dominantly angiomatous with an abundant fibrous stroma in 
which there were occasional collections of fatty tissue. Other areas showed 
imperfectly formed acini filled with mucoid material (Fig. 1). There was 
one small area that had an adenomatous character. The acini were lined 
with a single layer of cylindrical cells (Fig. 2). Other sections showed 
epithelial hyperplasia which had a medullary character. The cells were 
large and pale and had vesicular nuclei. The solid areas had a fibrillar 
myxomatous ground substance and contained numerous cylindrical hyaline 
masses around which there were no acinar formations (Fig. 3). The find- 
ings were not unlike those seen in mixed tumor of the parotid. There 
was, however, more evidence of celiular proliferation than is usually seen 
in tumors located in the parotid. The predominating tissue was of the 
spindle-cell type. 

Diagnosis. Mixed tumor of cylindromatous type. 


Discussion. Mixed tumors of the soft palate are comparativel) 


rare. Sonnenschein", in 1929, analyzed Eggers’® 92 cases of mixed 
tumor of both the hard and soft palate and found that “ well under 


Photomicrograph demonstrating angiomatous and adipose tissue with a 
collection of acini filled with mucoid material. (Low power. 


2. Photomicrograph showing an area of adenomatous tissue bordering on the 
predominant spindle-cell tissue found throughout the tumor. (Low power. 


SS 
Fic. 


Fic. 3.—Photomicrograph showing epithelial hyperplasia with evlindromatous 
formations. (Low power. 
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fifty’ were of the soft palate. Failure of many of the reports 
accurately to locate the lesion, and the occasional tumor which 
seems to involve both the hard and soft palate (di Lorenzo's” case), 
account for the inability to state with accuracy the exact number 
located in the soft palate. In the latter region 12 new cases have 
been reported since Sonnenschein’s article in 1929 (Table 1). 


1.--Cases or Mixep Tumor or THE Sorr PALate REPORTED SINCE 


192s. 

Age Sex. Side. Duration. Encapsulation 
Beck 27 M Right 7 No 
Soubiron and Bianchi 13 M 3 Yes 
Duany: 30 Left 
Blumberg and Terry? 35 M Right Yes 
Holmgren’ 24 Right l Yes 

51 Left Yes 

27 br Left 12 Yes 
Carruthers is F Left 1 Yes 
Heitz* 4:3 M Right 11 Yes 
Jarman! 17 M Center Noted in Yes 

routine Px 

Davis* Right 2 

22 Left 6 


The recurrence shown in the case here presented makes it unusual. 
The interval of 11 years between removal and recurrence is the long- 
est period on record. The slow growth of the recurrence is notable, 
the tumor requiring 10 years of gradual growth to attain the size 
of a pecan nut. Microscopically, the original and the recurrent 
tumors resemble each other closely. Ivy's description is applicable 
to the tumor here presented. To quote, “ Microscopic examination 
shows a strain of pink staining homogeneous substance and large 
oval-shaped cells with vesicular nuclei taking a deep hematoxylin 
stain.” (Cp. Fig. 3.) “These cells in some places were arranged 
in the form of alveoli...’ (Cp. Fig. 2.) “In other situa- 
tions the cells formed irregular extensions through the stroma with 
no basement membrane or line of demarcation of any kind.” (Cp. 
Fig. 3.) 

It is difficult to compare the types of mixed tumor found in the 
reported recurrences because of the inadequate descriptions. Patey 
simply stated there was a recurrence of the original tumor. From 
Duany’s description it appears as if the tumor which he reported 
might have been a eylindroma. Beck classed the original tumor 
in his case as a myxo-fibro-chondroma. The description of the 
recurrence likewise fits this designation. 

Three theories have been advanced to explain recurrence in these 
tumors. Sonnenschein believes that they are seedings caused by a 
rupture of the capsule in the removal of the original tumor. Beck 
is convinced that in his case recurrence arose from the “remains 
of the capsule.” Erich,'® in his paper on mixed tumors of the sali- 
vary glands, believes that these tumors might in some cases be sister 
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tumors arising from two misplaced blastomeres which start growth 
at different times. In the case here presented the history of the 
tumor being “easily shelled out” in 1914, and the 11-year interval 
between the removal and the first evidence of recurrence, seem to 
be strong arguments against this tumor having arisen from a seed- 
ing or from the “remains of the capsule.” Yet the location of both 
tumors in the same region and the almost identical histopathology 
seem to point to this method of recurrence. There is the possi- 
bility that 2 misplaced blastomeres might have started growth at 
different times activated by unknown factors which continued to 
operate after the removal of the original tumor. 

Whatever the mechanism of recurrence may be, most authors are 
agreed that it is more prone to occur in cases in which the capsule 
is incomplete or is broken during removal. 

Treatment. Review of the literature shows that in a majority of 
cases surgical excision was comparatively easy. Where the tumors 
were completely encapsulated the dissection was not. difficult, 
hemorrhage was slight, and primary union the rule. The success 
of this treatment is attested by the low incidence of recurrence. 

Thus far too few cases have been treated with irradiation to 
permit any estimate of its efficacy. However, irradiation has been 
used in the treatment of the closely related mixed tumors in the 
salivary glands. At this hospital experience with radiation therapy 
in this latter group of tumors was in agreement with the findings 
of Sistrunk,”® namely, that it usually caused very little regression. 
In contrast, it must be noted that some writers have observed a 
marked reduction in these growths following irradiation, occasion- 
ally to the extent that they are reduced to inert hyaline masses."" 
Bland-Sutton (quoted by Patey™), Stewart,’’ and others have found 
that interstitial irradiation gave the best results. In the case here 
presented the clinician, the pathologist and the radiologist agreed 
that postoperative irradiation should be administered in the hope 
of destroying any remaining elements that might have been retained. 
Accordingly the patient was given a total of 655 mg. hours of irra- 
diation by radium pack. A moulded plaque was placed in the 
imouth separated from the lesion by a 2-mm. platinum filter. 

Quick" has suggested biopsy in mixed tumors of the parotid 
to determine whether or not they may be of a cellular type and 
therefore amenable to irradiation. Duany performed a biopsy of 
the recurrent tumor in his case. It is our belief that the procedure 
is dangerous in this group of tumors regardless of location; for we 
feel confident that any encapsulated embryonal tumor subjected 
to partial open nuitilation may be stimulated to active growth. 

Summary. 1. A case of recurrent mixed tumor of the soft palate 
is presented. 

2. Twelve cases of mixed tumor of the soft palate have been 
found in the literature since Sonnenschein’s report in 1929. 
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3. Recurrence has been noted in 3 previously reported cases. 
. The treatment of choice is surgical excision followed by irra- 
diation if complete extracapsular removal is not accomplished. 


The writers are indebted to Drs. Stengel and Ravdin for permission to present 
the case; to Dr. Joseph McFarland for reviewing the slides; and to Dr. A. Ek. Bothe 
for valuable suggestions in preparation of the paper. 
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CARBAMINOYLCHOLINE—(DORYL OR LENTIN). ITS ACTION 
ON NORMAL PERSONS, IN PERIPHERAL VASCULAR DIS- 
EASE, AND IN CERTAIN OTHER CLINICAL CONDITIONS. 


By Isaac Starr, M.D., 


HARTZELL PROFESSOR OF RESEARCH THERAPEUTICS, UNIVERSITY OF PENNSYLVANIA, 
PHILADELPHIA, PA, 


(Krom the Medical Division of the Hospital of the University of Pennsylvania 


CARBAMINOYLCHOLINE chloride (CH 
(trade names Dory] and Lentin) was synthesized by Kreitmair? in 
1952. Its action in animals has been carefully studied, especially 
by Kreitmair, Noll,’ Dautrebande,'*¢ and Simonart."® The drug is 
stable, and powerful effects are obtained by extremely minute 
dosage. Its action resembles that of many other choline deriva- 
tives, producing effects similar to those which follow stimulation of 
parasympathetic nerves. Accordingly increased sweating and 
salivation; cardiac slowing; increased intestinal, uterine, and 
vesical activity; and general vasodilatation with resulting diminu- 
tion of blood pressure, are conspicuous after its administration to 
animal preparations. In addition carbaminoylcholine has an ener- 
getic nicotine-like action on ganglion cells and striated muscle, in 
which respect it resembles acetylcholine and differs from acetyl-s- 
methylcholine. Atropine anatagonizes the parasympathetic action 
but not the nicotine-like effects. 

Judged by the effective dosage for man carbaminoylcholine is the 
most powerful choline derivative known. It is also the most toxic 
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for animals. The ratio of the subcutaneous therapeutic dose for 
man to the subcutaneous toxic dose in rats is about the same for 
carbaminoylcholine as for acetyl-8-methylcholine. * 

Under the trade name of lentin, the drug has been widely used in 
veterinary medicine in Germany for the treatment of gastro- 
intestinal conditions in animals.® 

The first clinical investigation was made by Dautrebande and 
Marechal” in 1933. In their cases, some with and some without 
hypertension, a slow intravenous injection of 0.1 mg. produced no 
disagreeable symptoms and was followed in about 30 seconds by a 
diminution of blood pressure of 50 to 100 mm. Hqg., the previous 
level being regained within 5 or 10 minutes. Vasodilatation, a 
sensation of warmth, increased sounds of intestinal movement, 
salivation, and lachrymation, almost always accompanied the 
action. The subcutaneous administration of 0.2 to 0.3 mg. was 
followed by a more prolonged fall of blood pressure lasting 20 to 40 
minutes. These authors detected no fall of blood pressure after 
oral or rectal administration. Our results are very similar. Since 
the brief report of Dautrebande and Marechal several short articles 
have appeared giving favorable reports of the use of this drug in 
postoperative urinary retention,'”® eclampsia,'!** ozema,! increased 
ocular tension,'® and by means of electrophoresis.'"° 

We first administered the drugt in increasing dosage to 26 normal 
young adult volunteers. With this experience behind us we em- 
ployed it in the treatment of disease conditions which its action 
seemed adapted to benefit. The drug causes striking relief of pain 
in certain cases of peripheral vascular disease. 

Methods of Administration. Not being hydroscopic the drug can be 
administered conveniently in hypodermic tablets or tablet triturates of 
0.2 and 0.4 mg. Occasionally patients complain of pain at the site of sub- 
cutaneous injection. This can usually be avoided by injecting the dis- 

solved tablets in not less than 1 cc. of water. 

We have not attempted intravenous administration, thinking it unneces- 
sary and more hazardous. That it is a feasible method has been demon- 
strated. 


General Effects. The Action after Subcutaneous Administration. 
On Normal Persons. Twenty-six healthy medical students served 
as volunteer subjects. The routine observations were made by 
myself, by Dr. William Test, or by students under our supervision. 
The subjects lay upon a couch for a preliminary rest period of at 
least 15 minutes and remained there for the duration of the ob- 
servations. Dosage ranged from 0.1 to 1.0 mg. subcutaneously; 
from 0.4 to 1.0 mg. orally. The effects are summarized in Table 1. 

* In am indebted to Dr. H. Molitor for permission to examine and use jis data 
on the toxicity of various choline derivatives for animals. 


+ All the choline derivatives used were supplied through the kindness of Merck 
& Co., Inc., Rahway, N. J. 
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-Acrion oF CARBAMINOYLCHOLINE CHLORIDE ON NorMAL PERSONS. 


Subcutaneous dosage Oral dosage 


O4to O7to O4to  OSto 
O8 me O68 meg 1.0 mg. 
Number of cases in each group 5 7 3 } 3 
Number of cases showing effects, given 
below 
Systolic blood pressure, mm. Hg 
Change less than 5 
Fall 5-10 
tise 5 10 
Pulse rate 
Change less than 5 
Increase 
Increase 10°15 
Increase over 15 
Decrease 5-10 
Decrease more than 10 


Flush 

Sensation of warmth 
Later sensation of cold 
Sweating 


Salivation 
Lachrymation 
Increased peristalsis 


Abdominal cramps 
Epigastric discomfort 

Pain in bladder or urethra 
Desire to void 

Belching 

Headache 


Minutes 


Carbaminoyicholin 
Fig. 1.—Action of 0.5 mg. carbaminoylcholine given subcutaneously to a normal 


subject. 
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A typical effect after a dose of 0.5 mg. is shown in Fig. 1. After 
this dosage no drug effect was noted by the subject for from 6 to LO 
minutes after the injection. The action then came on very gradually. 
Flushing of the face, accompanied by a sensation of warmth was 
noted first. Slight) perspiration appeared some minutes later 
accompanied by such slight salivation that it was not observed by 
some. About 15 minutes after the injection increased peristalsis 
was usually noted by the subject and borborygmi soon became 
audible to the observers, often without a stethoscope. The height 
of the action appeared 20 to 30 minutes after the injection when 
sweating was generalized, the subject very conscious of the sensa- 
tion of heat in his ears and face, and of rumbling in his abdomen 
with occasional cramps. Some had a desire to urinate at this time. 
These effects passed off gradually and were scarcely noticeable an 
hour after the injection. 

Changes in blood pressure and pulse rate were so slight that the 
subject was usually unaware of them. Soon after the injection a 
slight increase in pulse rate and a small fall of diastolic blood 
pressure were often, but not always, seen. Palpitation was seldom 
noted. Slight lachrymation was seen occasionally. One subject 
was conscious of difficulty with visual accommodation. No effect 
on respiration was obvious. 

After larger dosage, as 1 mg., the drug’s action still came on 
slowly and gradually. There was usually no more effect on pulse 
and blood pressure than is shown in Fig. 1, but all the other effects 
were more intense and, about 25 minutes after the injection, the 
subjects became so uncomfortable from abdominal cramps that 
atropine was given in every instance. 

Small doses, such as 0.1 mg., caused flushing and slight sweating 
without any other observed etfects. 

On Patients the general etfects were the same as on normal 
persons. After repeated injections cumulation became manifest. 
More than one patient, placed on 0.4 mg. t.i.d. for 5 days or longer, 
insisted that we were increasing the dose. Daily dosage repeated 
for a period of 10 days or longer did not cause any noteworthy 
change in the level of pulse rate or blood pressure recorded on the 
hospital chart. 

Action After Oral Administration. On 6 normal persons doses of 
less than 0.6 mg. caused the very slight effects mentioned in Table 1. 

The experience of the author seems typical of that of the others. 
One hour after taking 0.6 mg. he noted slight sweating of the palms 
and a very slight gastric sensation with belching. An hour later he 
felt a transient sensation of tightness in the bladder, and, still later, 
an unusual sensation in the eves, perhaps due to stimulation of 
accommodation. Pulse rate was essentially unaltered, the systolic 
blood pressure diminished about 10 mm. All the effects were so 
slight that they were difficult to describe and there was some doubt 
whether they should have been attributed to the drug. 


4 
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The drug has been given orally to over 25 patients. The great 
majority tolerated from 0.2 to 0.4 mg. once or twice a day. But 
several were unable to take 0.4 mg. In 2 this dose caused marked 
nausea and malaise. Two others complained of excessive sweating. 

In contrast to this, | patient with peripheral vascular disease 
took 2 mg. at one dose without any discomfort after it. Another, 
with spastic obstruction of the lower esophagus, the passage of food 
being delaved temporarily but complete eventually, took 1.6 mg. 
t.i.d. by mouth for 14 days without the production of any uncom- 
fortable symptoms at all. 

The cumulative effect of the drug was marked. Four patients 
took from 0.2 to 0.4 mg. daily from 1 to 3 weeks without discomfort, 
but eventually the same amount produced so much more action 
that the dosage had to be reduced. 

It is obvious, therefore, that carbaminoyicholine gives irregular 
effects after oral administration, so that a dose giving disagreeable 
symptoms in some may be well tolerated by others. 

Twice daily administration of the drug for 3 and S weeks, to 2 
patients, in the largest dose that produced no uncomfortable mani- 
festations, did not cause an noteworthy alteration in the genera! 
level of pulse rate or blood pressure; nor did it cause an increased 
number of stools. 

Special Studies. In 6) cases, 5 of them with peripheral vascular 
disease and apparently benefited by the drug, a more elaborate 
study was undertaken which will be reported in detail in a subse- 
quent publications After an average dose of 0.5 mg. subcutane- 
ously the average changes were as follows: pulse rate increased 
7.067: mean blood diminished 6.267; basal metabolic rate 
increased 3.507; basal cardiac output increased 12.3°7; respiratory 
rate was practically unchanged; respiratory volume per minute 
increased 5.667, Of these the changes in blood pressure, pulse rate, 
and respiratory volume, were statistically significant (for P= 0.05) 
while the larger change of cardiac output, less constant than the 
other drug effects, missed significance by a narrow margin. The 
changes demonstrated are those common to drugs that primarily 
lower blood pressure. 

Llectrocardiograms, taken before and after the drug in the above 
(cases and in 2 normal persons, all with normal rhythm, showed 
nothing other than the changes of rate described before. One case 
of auricular fibrillation was given the drug in increasing doses, 
until the side effects became uncomfortable, without producing any 
noteworthy change in the electrocardiogram. 

In 2 cases the fasting blood sugar and blood urea nitrogen were 
unchanged by the prolonged administration of the drug.* 

Four cases of benign partial obstruction of the lower esophagus 
with preventriculosis have been examined under the fluworoscope 
after a barium meal to study the drug's action. In the first case no 


* IT am indebted to Dr. W. F. Sunderman for these analyses, 
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barium had entered the stomach before the drug. Within | minute 
after 0.5 mg. had been given subcutaneously an increase in esopha- 

geal peristalsis was noted. Four minutes later this was striking 

and small amounts of barium were pushed into the stomach by the 

larger waves; 25 minutes later esophageal persistalsis was. still 

much increased and most of the barium was in the stomach which 

could be seen to be hyperactive also. The other 3 cases, observed 

by Dr. G. D. Gammon, showed a very similar picture after 0.4 mg. 

subcutaneously. There was no marked relaxation of the cardia in 

any, but large waves were induced which forced small amounts of 
the barium into the stomach. 

Two of these patients were given a course of the drug by mouth. 
In one there was no improvement in the patient's symptoms, in 
the other improvement could be attributed to the repeated dilata- 
tions of the esophagus carried on simultaneously. 

Studies of the effect of carbaminoylcholine on skin temperature 
have been made in 7 cases of peripheral vascular disease. The 
patients were all placed in a cool constant temperature room. Ther- 
mal junctions were attached to their fingers or toes by wide strips of 
adhesive. 

A case of mild Raynaud's disease was placed in this room with 
hands exposed. The temperature of the ball of each finger fell 
rapidly till it reached within 1° C. of the airtemperature, IS° = 1° C. 
Increased pallor without cyanosis, accompanied this change. About 
1 hour after the oral administration of 0.8 mg. carbaminoy!choline 
the temperature of the finger tips began to rise as flushing of the 
face was noted. The maximum increase was 6° C., the minimum 
4.2° C, All fingers had become a good red color when the experi- 
ment was terminated 2 hours after the administration of the drug. 

The feet of 3 cases of diabetic peripheral vascular disease and 
3 of thromboangiitis obliterans were tested similarly. Five of these 
cases, comfortable when tested, had formerly had rest pain in their 
feet partly or completely relieved by carbaminoylcholine, and were 
given the same dose which had previously relieved them. In only 
2 patients was any evidence of vasodilatation in the feet secured. 
In 1 case of thromboangiitis the action following a dose of | mg. 
by mouth was accompanied by a reversal of the temperature trend 
in the feet, the temperature of the toes increasing between 1.8 and 
1.4°C. Three days later an oral dose of 2 mg. gave substantially 
the same result. In 4 cases subcutaneous injections ranging from 
0.4 to 0.S mg. produced the usual drug effects not accompanied by 
any rise of skin temperature in the feet. 

Ten cases of hypertension have received the drug. ‘To test its 
acute effects the subjects remained in bed all day. In a ease of 
diabetes with arteriosclerosis the blood pressure ranged from 
208/90 to 190/98 during the 15-minute control period. Ten minutes 
after the subcutaneous administration of 0.4 mg. it diminished to 
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170/80 and remained near this level for the next hour. In a case of 
essential hypertension 0.5 mg. subcutaneously was followed by a 
fall from 1668S to 120/70 in 10 minutes; the initial pressure was 
regained 20 minutes later. Another case of essential hypertension 
was given 0.9 mg. by mouth. The pressure, which ranged between 
210.90 and 185.95 during the preliminary period, diminished very 
slowly until 8 hours after the administration of the drug, it reached 
138 70. The face was markedly flushed at this time. The pressure 
rose thereafter but did not regain its initial level within 5 hours. 
Four other cases showed little or no diminution of pressure after the 
drug. 

In contrast to these acute effects, attempts to cause prolonged 
reduction of pressure in hypertension by courses of the drug by 
mouth have been uniformly unsuccessful. Oral dosage ranging 
from 0.2 to O.S mg. t.i.d. continued for several days had no effect 
in 4 cases. Daily and twice daily subcutaneous injections of 0.4 mg., 
continued for 2 weeks, had no lasting effect on another case. 

In no instance was the decrease in blood pressure following carba- 
minoylcholine rapid enough to make the patient uncomfortable, 
a marked contrast to the abrupt action of subcutaneous doses of 
acetyl-8-methylcholine. 

Untoward Effects. Doses of doryl, easily tolerated by some, make 
others extremely uncomfortable. These untoward effects warrant 
detailed description. 

Early in the study of the drug the author took increasing amounts 
by mouth. A dose of 0.6 mg. caused very little effect. Three days 
later he took 0.9 mg. with the following result. He sat for at least 
10 minutes in a chair before each estimation of pulse rate and blood 
pressure, and walked about and interviewed patients in the interim. 


9.20 a.m. Pulse 82; blood pressure 118/74. Feeling very well. 

9.25 Took 0.9 mg. Doryl by mouth (three 0.3 mg. tablets followed 
by water). 

9.45 Pulse 82; blood pressure 104/70. First sensation, attributable 
to drug, peristaltic waves and epigastric discomfort. Passed 
flatus. 

10.10 Pulse 74; blood pressure 108/70. Peristaltic waves felt fre- 
quently. Sinus arrhythmia. 

10.15 Bowels moved, soft formed stool (they had moved before at 
7.30 a.m. that morning). Queer sensation noted in eyes, 
probably an effect on accommodation. 

10.35 Face flushed and feels hot. No frank sweating. 

11.00 Pulse 72; blood pressure 108,78. Flush of face and eye sensa- 
tion continue. Trifling sweating of palms. 

11.15 Slight salivation noted. Slight cramps now accompany 
peristaltic waves. 

12.00 Noon Pulse 70; blood pressure 100/78. Slight lachrymation in 

addition to the above. 

15 p.m. Weak and light headed when trying to walk. Belches. 

30 Pulse 66; blood pressure 110/80. Electrocardiogram showed 

nothing abnormal. 
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12.40 Weakness forced him to lie down. Very flushed with strong 
sensation of heat in face and ears, slight headache, very slight 
salivation, practically no sweating, occasional Consciousness of 
peristaltic wave. 

1.30 Feeling a little better, ate light lunch. Headache better. 

2.50 Pulse 100; blood pressure 11065. Still feeling badly in an 
indefinable way. Weakness and shortness of breath on walking 
about. Glad to stay in chair. 


3.15 Pulse 90; blood pressure 12065. Flush continues. Some 
epigastric and precordial discomfort after walking about. 

4.45 Pulse 72; blood pressure 115 28. Better, flush almost gone, 
other symptoms gone. 

5.30 Walked 400 vards and found himself still somewhat weak. 


Took atropine sulphate 0.3 mg. subcutaneously. Recovered 
quite rapidly thereafter. 


The symptoms described above, especially malaise and vague 
gastro-intestinal symptoms have occurred in patients. One man 
experienced them as soon as he began to take O44 mg. t.id., another 
after taking 0.4 mg. once daily for over a month. In contrast to 
this, single doses of 2 mg. have been taken by some subjects with- 
out discomfort. The irregularity of the untoward effects of the drug 
deserves emphasis. 

After subcutaneous administration more uncomfortable effects 
sometimes appeared. A patient with rheumatic heart disease and 
auricular fibrillation, in) good cardiac compensation, was given 
0.6 mg. subcutaneously at noon. Very little change of blood pres- 
sure or pulse rate followed. However, 20 minutes after the injection 
she complained bitterly of abdominal pain and nausea. Atropine, 
0.6 mg. subcutaneously, stopped the slight sweating, but pain per- 
sisted, and the dose of atropine was repeated 15 minutes later. 
Discomfort passed off slowly and the patient said she felt badly all 
the rest of the day. 

A patient with diabetic peripheral vascular disease, who had 
previously suffered from diarrhea, was unable to take 0.2 mg. 
subeutaneously without prompt return of the diarrhea. 

An asthmatic patient given 0.2 mg. subcutaneously had a typical 
asthmatic attack within 10 minutes. Atropine, 0.6 mg. subcutane- 
ously, promptly relieved it. 

The only reaction at all alarming occurred in a man with peri- 
pheral vascular disease who had lost one leg and was suffering 
greatly from pain in the other. Tle was given 0.6 mg. sub- 
cutaneously. The blood pressure and pulse rate, 130.86 and 100 
before the drug, both fell slowly. Twelve minutes later they were 
10370 and 64. At this time flushing, sweating and abdominal 
pain were present. One half hour after the drug the patient began 
to look and to feel very badly. The systolic pressure was found to be 
SO, the pulse 56. Atropine, 0.6 mg. subcutaneously, was given at 
once, and the blood pressure rose to 140/100 within 3 > minutes. 
The other choline effects disappeared within 30 minutes. The pain 
in his foot was not relieved. 
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Liffect of Atropine on the Action of Carbaminoylcholine. animal 
experiments atropine abolishes the parasympathetic effects of 
carbaminoylcholine but the nicotine-like action is not affected. 
Therefore atropine cannot be expected to antagonize the effect of 
carbaminoylcholine with the rapidity and completeness with which 
it abolishes the action of acetyl-8-methylcholine® (mecholyl), a 
drug without noteworthy nicotine-like effect.2. Experience supports 
this expectation. 

The effect of atropine on the action of carbaminoylcholine has 
been tested in 12 normal subjects. Atropine 0.6 mg. subcutaneously, 
given about 20> minutes before carbaminoylcholine, completely 
blocked the detectable effects of 0.5 mg., greatly diminished the 
effects of 0.4; and had a slight but definitely antagonistic effect on 
the action of O.NS mg. On the other hand atropine 0.3 mg. sub- 
cutaneously given 20 minutes before a dose of 1 mg. carbaminoyl- 
choline subcutaneously did not notably antagonize the uncom- 
fortable effects and more atropine had to be given. 

After the effects of a large subcutaneous dose 0.S to 1.0 mg., 
of carbaminoylcholine had manifested themselves, the subcutaneous 
injection of 0.3 mg. of atropine did not cause any noteworthy 
diminution of the severity of the symptoms. Under similar cir- 
cumstances 0.6 mg. of atropine was followed by a slow but definite 
diminution of the uncomfortable effects which disappeared com- 
pletely within 30 minutes. 

The experience in the clinic has been similar. Subcutaneous 
doses of 0.6 mg. of atropine cause slow diminution of uncomfortable 
effects following carbaminoylcholine. 

Therapeutics. ‘he best use that we have found for carbaminoyl- 
choline is in the relief of pain in certain cases of peripheral vascular 
disease. Two of these deserve report in detail. 

Case Report. (ase 1. -A. E., aged 49, of German ancestry, had had inter- 
mittent claudication in both legs for over 20 years and phlebitis at intervals 
since that time. Six weeks before admission, rest pain began in both feet 
which turned purple in color but developed no lesions. The pain was 
described as “ burning’ and “like hundreds of needle pricks.’ It occurred 
in paroxysms. Three injections of typhoid bacilli were given in another 
hospital with transient relief only once after a severe reaction. Repeated 
intravenous injections of 2.5% sodium citrate did not help. Injection of his 
left posterior tibial nerve with procaine caused no rise of skin temperature 
in the area supplied. 

On admission to this hospital the pain was chiefly in the left foot and so 
intense that the patient would scream. Morphine sulphate, | grain, afforded 
little, if any, relief. No pulsation could be felt in any vessels below the 
femorals. Both feet were cyanotic when dependent, blanched while ele- 
vated. The nails were atrophic and there were numerous petechi:e in the 
involved skin. The ankle jerks were absent. There were no lesions. His- 
tamine reaction showed no wheal on either foot, the flare was doubtful. 
Warming the hands failed to increase the skin temperature of the feet. The 
diagnosis was thromboangiitis obliterans. 

The patient’s feet were placed in a thermoregulated cradle and daily 
treatments of suction and pressure were given to the left leg. It was 
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soon discovered that small subcutaneous doses of acetyl-s-methylcholine 
(mecholyl 2.5 mg.) relieved the pain promptly but only for a few minutes. 
Larger doses caused more side effects without producing more relief. Large 
doses of the same drug by mouth (2 gm. daily) had very little effect on the 
pain. Mecholyl 10 mg. subcutaneously, dissolved in ethyl lactate to slow 
absorption, produced relief only a little more prolonged than that secured 
by injection of the aqueous solution. The ethyl ether of s-methylcholine, 
20 mg. by mouth every 3 hours, also caused only slight relief. 

Carbaminoylcholine was then tried; 0.3 mg. by mouth had little if any 
effect but 0.25 mg. subcutaneously was followed promptly by complete 
relief which lasted several hours. Accordingly this dosage was administered 

very 4 hours. Practically complete relief followed. After this he needed 
no other sedative. Several days later atropine was administered for another 
purpose and pain returned at once. 

The patient received 0.25 mg. carbaminoylcholine every 4 hours from 
April 22 to May 9 with almost complete freedom from pain. On the latter 
date, salt solution was substituted for the drug without the patient's 
knowledge. Pain promptly returned, although it was not so severe as before, 
and carbaminoylcholine administration had to be resumed. On June 38, 
a second unsuccessful attempt was made to withdraw the drug, mild pain 
recurring. On June 12, the drug was withdrawn successfully and he was 
discharged free of pain, his feet, though still far from normal, a much better 
color than on admission. 

There were no disagreeable side effects from the drug at any time. 

Case 2.—D. F., aged 30, with thromboangiitis obliterans, was a powerfully 
built young man of English extraction, an excessive consumer of tobacco. 
In 1933, he began to have trouble with cold and painful fingers. Infections 
developed which lasted all summer. In the fall the fingers healed but 
similar trouble developed in the toes. Several toes became infected causing 
severe pain and requiring 6 months for healing. In the meanwhile the fingers 
again became involved so that he had been in almost constant pain for 
3 years prior to his admission. Finally the application of carbolated vase- 
line was followed by gangrene. 

On admission in December, 1935, the dorsalis pedis, the posterial tibial 
and the left radial pulses could not be felt. The right great toe was ulcer- 
ated to the bone, the tip gangrenous. The tip of the left great toe was 
gangrenous. Both feet showed rubor on dependency and pallor on eleva- 
tion, the color changes being largely in the toes. The fingers were also 
cyanotic when dependent, the skin being thickened and the nails atrophic. 
There were small ulcers at the tip of the left thumb and left fifth finger. 
Roentgen ray showed definite bone destruction of the distal phalanx of the 
left great and second toes. Spinal anesthesia was not accompanied by 
increased skin temperature of either foot. 

The patient was given a thermoregulated foot cradle which he used 
constantly. The lesions had routine surgical care. He was induced to stop 
smoking. Carbaminoylcholine, 0.4 mg. subcutaneously, was administered 
repeatedly and was regularly followed by complete relief of pain, beginning 
about 20 minutes after the injection and lasting 4 hours or longer. He was 
placed on this dosage p. r.n. every 5 hours for pain, and at first required 
two injections a day to keep him comfortable. Slight salivation, slight 
sweating, and increased consciousness of heart action, were usually noted 
by the subject after each injection but they did not annoy him. Hypo- 
dermic injections of saline solution, substituted without the patient’s 
knowledge caused no relief and were identified within a few minutes as not 
being the right medicine. 

On two occasions pain developed which was not relieved by carbaminoyl- 
choline. In both instances retained pus was discovered under a crust. 
When this had been drained the drug again relieved the remaining pain. 
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The gangrenous areas slowly detached themselves. The exposed terminal 
phalanx of the left great toe was removed surgically. The lesions healed 
steadily. After 1 month he was nearly free from pain without the drug 
and, not requiring hypodermics, he was placed on dory! 0.4 mg. by mouth 
twice a day. He was discharged on this dosage, but after taking it for 
about 2 months he began to experience nausea after each dose. Therefore 
the dose was reduced to 0.2 mg. twice daily, which could be taken without 
discomfort. When seen on April 1, the lesions had healed except for a 
tiny spot on the right great toe, and he was told to discontinue dory] as 
soon as the weather became warm. When examined in October, 1936, all 
lesions had been healed for many months, the pulse had returned to the left 
radial and all signs of his disease showed marked improvement. He had 
been working as a truck driver all summer. 

Carbaminoylcholine has been used at some time during the course 
of 20 cases of peripheral vascular disease. In about one-fourth of 
these definite relief of rest pain was secured by the drug at some time 
during their stay in the hospital. This experience has led me to 
expect that relief of pain will not be secured when gangrene is 
ascending the limb or in the presence of infection not adequately 
drained. In other conditions some degree of relief often follows the 
drug, especially if the pain is markedly paroxysmal in character. 
In a few cases the relief secured by the drug was far greater than 
which had followed morphine. 

Little can be said about the effect of the drug on the healing of 
lesions in’ peripheral vascular disease because other methods of 
treatment were used in every instance. 

In my hands carbaminoylcholine has had no important action 
on the heart. A case in an attack of paroxysmal auricular tachy- 
cardia was given Of mg. without altering the rhythm. Later in 
this attack, and on 3 other occasions, 30 mg. of acetyl-8-methyl- 
choline caused immediate termination of the tachyveardia." 

Two patients with frequent ventricular extrasystoles were given 
0.4 and 0.6 mg. subcutaneously without any effect on the frequency 
of their arrhythmia. 

Our one attempt to aid a case of postoperative urinary retention 
by means of the drug was not successful. The patient still had to be 
catheterized after repeated doses of 0.6 mg. subcutaneously. 

Discussion. It is of interest to compare the clinical action of the 
two active choline derivatives, carbaminoylcholine (doryl) and 
acetyl-8-methylcholine (mecholyl), to emphasize their differences, 
and to indicate the type of situation in which each is superior to the 
other. 

After subcutaneous injection the action of doryl comes on slowly 
and gradually in sharp contrast to the vigorous effects which so 
quickly follow an injection of mecholyl. The duration of action of 
the former drug far outlasts that of the latter. 

Mecholyl has more action on the heart and blood-vessels, in 
proportion to its other effects, than has doryl. The largest doses of 
doryl that can be tolerated cause severe gastro-intestinal symptoms 
before there is much effect on blood pressure, in most instances. 
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In contrast to this, large doses of mecholyl cause a sharp drop in 
blood pressure with profound vagus-like effects on the heart without 
uncomfortable gastro-intestinal effects. Doryvl has had no effect 
on the cardiac arrhythmias in the cases | have studied. Obviously 
therefore we must expect mecholyl to be superior to doryl in the 
production of cardiac and vascular effects of short duration. 

Doryl should be superior where prolonged effects, other than 
cardiac, are desired. For instance, the gastro-intestinal effects 
following a subcutaneous injection of mecholyl cannot be secured 
without making the patient uncomfortable from the diminished 
blood pressure; doryl should be far superior to mecholy] for such a 
purpose.  Tlowever, a new choline derivative, carbaminoyl-s- 
methylcholine.' introduced by Simonart in 1935, has appeared, in 
our preliminary trials, to be superior to doryl in the production of 
gastro-intestinal effects. For this reason investigation of the 
gastro-intestinal action of doryl has not been pushed. 

After oral administration doryl is irregular and cumulative in its 
effects. Uncomfortable symptoms, chiefly malaise and nausea, 
appear In some persons after dosage less than one-half of that 
‘asily tolerated by others. Mecholyl in large doses by mouth 
practically never produces any untoward effect other than slight 
gastric irritation. 

Like mecholyl and certain other choline derivatives dory] will 
cause asthmatic attacks in those subject to this disease. These 
induced attacks can be promptly relieved by atropine. An excessive 
fall of blood pressure, seen in 1 case, was also promptly restored by 
atropine. But atropine has a slower and less pronounced effect on 
the abdominal discomfort, nausea, and malaise, that follow large 
subcutaneous doses of doryl. Perhaps some of this discomfort is 
due to the nicotine-like effects of doryl, which are not antagonized 
by atropine in animal experiments. 

Both doryl and mecholy] relieve pain in certain cases of peripheral 
vascular disease. If hypodermic medication is desirable in such a 
case, dory] is far superior. For oral administration the choice is 
harder to make. Doryl is far less expensive. But in some cases | 
have obtained most satisfactory results with tablets of mecholyl 
bromide. When the patients cannot be under the observation of a 
physician, they are on safer ground if they take mecholyl, a drug 
without cumulative effects and well tolerated in very large dosage 
when taken by mouth. 

It is of interest that striking relief of pain can be secured by 
doryl in certain cases of peripheral vascular disease without any 
increase in skin temperature of the affected part. This raises the 
question whether the relief secured is due to something else than 
vasodilatation. In my opinion, the skin temperature method of 
estimating peripheral blood flow is too crude to permit one to place 
much emphasis on a negative result. So L attribute the relief of pain 
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to vasodilatation of a grade too slight, or in vessels too deep, to 
be detected by this method. 

Conclusions. (arbaminoyicholine chloride is one of the most 
powerful drugs known. Studies have been conducted on its action 
after subcutaneous and oral administration to 26 normal volunteers 
and to a larger number of patients. Special studies of its etfect on 
the heart and circulation have been made in a small group of cases. 

The information now at hand concerning its dosage, action, and 
untoward effects, is sufficient to warrant its cautious use in those 
cases that its action seems adapted to benefit. The drug causes 
striking relief of rest pain in certain cases of peripheral vascular 
disease. 
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THE USE OF ACETYL-3-METHYLCHOLINE CHLORIDE BY 
IONTOPHORESIS IN PERIPHERAL VASCULAR DISEASES. 


By Davin W. WKrawer, 


ASSISTANT PROFESSOR OF MEDICINE, JEFFERSON MEDICAL COLLEGE, 
PHILADELPHIA. 


From the Vascular Clinie and Department of Medicine, Jefferson Medical College. 


CONSIDERABLE attention has been given during the past 5 vears 
to disturbances of the circulation in the extremities. Excellent 
strides have been made along the lines of investigation of circulating 
efficiency. The added interest this comparatively new field 
has resulted in stimulating the desire for correcting these conditions. 
Newer methods of treatment including drugs and physiotherapy 
have been advocated. 

Among the drugs, the choline group attracted the attention of 
many investigators, including Simonart,”? Hunt and Taveau,? Dale? 
and others. Acetylcholine was found to possess vasodilator proper- 
ties which indicated that it would be valuable in the treatment of 
vascular diseases. However, its action was marred because of a 
nicotine-like effect upon the vasomotors. Further experimentation 
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and investigation by Major and Cline"’ resulted in the production of 
acetyl-8-methylcholine chloride, known as mecholy1. 

Pharmacologically, mecholyl is physiologically antagonistic to 
epinephrine. It was presumed that it would be beneficial in those 
cases where there were evidences of diminished parasympathetic 
or excessive sympathetic tone. 

The possibilities of clinical application of acetyl-8-methylcholine 
chloride were studied by Novaées, Wright, Starr ef Goldsmith*"° 
and others. It has been employed in the treatment of various con- 
ditions other than vascular diseases, such as arthritis,'! paroxysmal 
tachycardia,’ neurogenic bladder,’ pelvic inflammatory disease® 
and chronic leg ulcers.® 

Methods of Administration. Mecholyl may be given in one of three 
ways: First, subcutaneously, in doses of 20 to 25 mg., producing prompt 
effects. Second, it may be given orally in larger doses. Goldsmith em- 
ployed 1000 to 1500 mg. The effects of the drug appear within 15 to 75 
minutes. Smaller doses (100 mg.) were also found to be effective in some 
cases of Raynaud’s disease. The third method of administration is by 
lonization. 

Technique of Mecholyl Tontophoresis. (1) Aqueous solution of 0.25 or 
0.2% isemployed. (2) Asbestos paper or cotton bandage, which we prefer, 
is soaked in the mecholyl solution and wrapped about the part to be treated. 
(3) A spiral block-tin electrode is applied and attached to the positive 
pole of the galvanic machine. Mecholyl, being an alkaloid, takes a positive 
charge. (4) A broad dispersive pad is placed firmly against the back. 
This is attached to the negative pole. (5) Current is turned on slowly, 
gradually increasing up to 15 to 20 ma. This may later be increased to 
25 or 30 ma. Allowance should be made for a slow rise during treatment. 
(6) Treatments should last from 20 to 30 minutes. (7) Gradually reduce 
until off. It should not be turned off abruptly. (8) The part should then 
be thoroughly dried. Patients susceptible to asthma should be treated 
cautiously because an asthmatic attack may be precipitated. Atropine 
will invariably control and check any untoward effects which may arise. 


Effects of Treatment. During treatment there may be a sensation 
of fullness and warmth in the extremity. Salivation may occur. 
Flushing and erythema of treated part or a goose-flesh appearance 
may be evident after the wrappings have been removed. Some- 
times a lowering of blood pressure may occur. We have not experi- 
enced any untoward effects on any of our patients who have been 
treated by iontophoresis. On 2 patients we attempted to supple- 
ment ionization by giving 15 to 25 mg. of mecholy] subcutaneously. 
There was prompt flushing of the face, profuse sweating, epigastric 
distress and nausea developed. These symptoms were controlled 
instantly by giving atropine. 

The prompt relief we have noted concurs with the experiences of 
other observers. The results of the treatment by iontophoresis 
may not be apparent immediately. As a rule, the patients do not 
experience much until } hour or more has elapsed, and then there is 
a sensation of warmth in the extremities. Fatigue is lessened. 
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The comfort that results from the treatment may last for several 
hours and in some cases for a day or two. Occasionally, some 
complain of an itching sensation over the parts that have been 
treated, and a rash. This was noted in 3 patients. The rash is 
punctate in character and looks like rose spots. 

In this paper we shall limit ourselves to the use of mecholyl* by 
iontophoresis for the treatment of peripheral vascular diseases. 

Thirty patients were treated and about 350 treatments were given. 
These patients were not selected. They were ambulatory. There 
were 11 cases of thromboangiitis obliterans, 8 were diabetic, S had 
Vasospastic arterial disease, and 3 were cases of phlebitis. 

The results of the treatments have been arranged in tabular 
form and will be discussed under the headings of disease groups. 

Thromboangiitis Obliterans (Buerger’s Disease). ‘This group is 
looked upon as the test for any form of treatment offered in the 
therapy for vascular diseases. Eleven patients of various ages and 
various degrees of the disease were embraced in this group. Some 
were early cases, others had symptoms dating back for vears. 


Tasie or TREATMENT OF 11 Cases OF THROMBOANGIITIS OBLITERANS 
(BUERGER'S DISEASE). 


General 


Improvement of symptoms 
improvement 


| 
Name. ™ = Cramps. Fatigue. Pains. ra treat- Remarks. 
£ ments. 
| 5 gs ¢ 
Sei s sg BEES 
| x x x Vaccine block/5 to 6.* 
ui x x x Ganglion- 4 block/2 to 3.* 
ectomy 
D. 7) x x x Nacitrate block/3 to 4.* 
4J.K «x x x x Uleer—toe healed. 
5|\M.L. 62'M x x x Coronary art. disease 
6 L.L. 61 M 4-5 22 x x x x § block/10 to 12.* 
7 H.M. 49 M 1 3 x x x x Coronary art. disease. 
A.B. | M 3is x x Na citrate Coronary art. disease. 
9 H.C. 69'M x x x NaCl 2°, Coronary art. disease. 
10 8.1L. 62M 1 6 x x x 
| O 2) 7 x x 


* Indicating walking distance before and after treatments 


The best results were obtained in Cases 1, 4 and 6. 


Case Notes. Case 4.—J. K., gave a history of vascular disturbances 
with questionable diabetes. Twelve years ago, gangrene occurred, result- 
ing in amputations of the left leg and 2 toes of the right foot. There 
was a chronic trophic ulcer of 2 vears’ duration, at the site of amputation 
of the distal phalanx of the middle toe. After a series of treatments, the 
patient noticed a marked improvement with complete healing of the ulcer. 

Case 6.—L. L., also showed very gratifying results. He received a series 
of 22 treatments, making rapid progress in a few weeks (reporting twice 


* Mecholy! was kindly supplied by Merck and Company, Inc. 
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weekly). Originally he could not walk more than } block without dis- 
comfort. Toward the later period of our observations he could walk LO 
to 12 blocks. 

Case 1.—B. B., responded well to treatment with a subsidence of all 
symptoms. Three others showed some improvement. Two were benefited 
temporarily while they were receiving treatments. 

There were 3 failures. One was treated 3 times and was unable to con- 
tinue because of a cardixe condition which subsequently was the cause of 
his death. The second, Case 5 (M. L.), after 10 treatments said there 
Was some diminution of the pain, but on the whole was not benefited. 
The third, Case 11 (P.38.), had arteriosclerosis obliterans with a suggestive 
clinical picture of Buerger’s disease. 

Comment. The definite improvement of 3 cases (2767) and some 
improvement in 3} others, a total of 54°, who were benefited, indi- 
cates that mecholyl does help. If we add the 2 patients who 
manifested temporary improvement, the total would be increased 
toS (72). The fact that there is warmth and flushing of the skin 
and the rise in skin surface temperature, which has been definitely 
demonstrated by others, suggests that the drug has penetrated the 
tissues and vasodilatation has resulted. Novdées and Wright were 
not encouraged by their results in the occlusive forms of vascular 
disease. On the other hand, Goldsmith and others have noticed 
definite reactions in this group. 

No form of treatment thus far has been able to benefit all cases 
of Buerger’s disease. There is too much = structural change to 
overcome. The object of the treatment is to attempt to establish 
the best possible collateral circulation so that nutrition to the tissues 
may be carried on and the symptoms relieved. The success of any 
treatment will probably depend upon the extent of the lesions in 
the vessels and will also depend upon how early treatment has been 
instituted, 


2.~—Errecrs or Upon Cases or Dianeres Wirn Vascunar 
DISTURBANCES. 


General 


Improvement of symptoms 
Improvement 


z = Other 
Name. Cramps. Fatigue. Pains z treat Remark 
cis ments 
bic 
62 Mi 25 25 x x x Suspected Buerger’s 
at 13 x x x }to 4 blocks) many 
50 x x x x Potential gangrene 
4) I x x x Focal gangrene—toes 
5 M.O. 48° 6 6 x x 
6 JK. | x x Presumably neuritis 
7 M.C. 67 M 7 #14 x x x 2 blocks/4 to 5 
60 M 3 x x x Na citrate Suspected Buerger’s. 
4 7 1 2 


Diabetic Arteritis. [1 the diabetic group, 5 of the S patients were 
improved (62.507); 1 said she felt better and 2 were not benefited 
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(2567). Of the failures, both said the pain was not relieved. Case 5 
(M. 0.) said there was some temporary improvement but was listed 
asa failure. Case 6 (J. was a mild diabetic who did not require 
insulin. She complained of severe pains in the legs. Although the 
circulatory tests showed some impairment of circulation, it was 
presumed that the pains were more likely due to some neuritic con- 
dition. After a series of 6 treatments she said the pains were the 
same and that no improvement could be noted. 

The 5 patients who responded to the treatments were definitely 
better. "They were insulin cases and showed the usual clinical signs 
and evidences of occlusive vascular disease. Cases 1 and 7 could 
practically be included in the Buerger disease group, and Case 3 
(C. 8S.) on 2 occasions had threatened gangrene, but fortunately 
managed to escape serious complications. The improvement in 
this series was evidenced by the fact that the patients developed 
greater endurance for work and a subsidence of symptoms in most 
of them. Case 1, although he was unable to walk a greater distance, 
said he was able to manage his business affairs which necessitated 
considerable effort by being on his feet most of the time. Others 
such as Cases 2 and 7 said there was a noticeable change and both 
could navigate longer distances without discomfort. Case S (J. G.), 
a diabetic with occlusive vascular disease, complained of discomfort 
and pain in the left leg and foot. There was a good response to 
mecholyl. After the third treatment the patient was able to get 
about without discomfort. 

The above studies would indicate that mecholyvl will benefit the 
diabetic with vascular disturbances in 75 to SO¢°7 of the cases. It 
should be of particular value to the patients who are early recognized 
as cases of potential gangrene, ¢. ¢., where evidences of impaired 
circulation are detectable. Given an early start with proper care, 
efforts to build up a collateral circulation should help materially in 
warding off gangrene. 

Vasospastic Disturbances. [Hight patients belonged to this group 
of vascular disorders. The first case (M. B.) showed evidences of 
Raynaud's syndrome and a suggestive phlebitis of the deep veins 
in the legs. Case 2 (S. T.) also had a clinical picture of Raynaud's 
with an orthopedic condition of the feet. The third case (B. kk.) 
showed evidences of impaired circulation in the legs, vasospastic 
type, but did not conform to the classic picture of Raynaud's. 
They felt improved while taking treatments. The latter 2 patients 
felt well for sometimes after the treatments were discontinued but 
subsequently there was a recurrence of symptoms. 

Case 4 (II. E.) showed the classic picture of Raynaud's disease 
with beginning trophic disturbances in the tip of the index finger. 
It was blanched nearly all the time and appeared to be ready to 
break down. After a series of 10 treatments, the tissues at the tip 
seemed healthier and pink. There was a more general improvement 
as well, 
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or Mecnoryt Uron S Cases or Vasospastic DisTuRBANCES. 


Errecr 


TABLE 3. 

Improvement of symptoms General 
Improvement 

Other 

treat- Remarks. 

ments 


Cramps. Fatigue. Pains 


7. 


Temporary. 


None. 


No treatments. 


Duration, yrs. 


Good 
some. 


Raynaud's 


M.B 2 x x x 
2(\8.T 3 F x x x Raynaud's orthopedic 
condition 
| 16) x x Symptoms recurred 
x x Mecholyl Raynaud's and sclero- 
inj derma 
5 S.N 46 M 1 s x x x Mecholy! | Raynaud's. 


inj 


Phlebitis. 


Phlebitis. 


+ Months. 


Case 5 (IH. N.) was another patient with Raynaud's disease asso- 
ciated with a fairly advanced scleroderma. The fingers were stiff 
and exhibited the typical tautness of the skin. Ile also responded 
nicely to iontophoresis-mecholyl. After S treatments the skin was 
not so tight and he could use his fingers. Ile was quite enthused 
when he discovered that he would work all day without feeling 
exhausted. 

Cases 6, 7 and 8 were of a milder form. Two of them had a sug- 
gestive phlebitis of the deep veins with evidences of impaired 
circulation based upon studies of circulatory function tests. All 
responded to treatment. 

Comment. Because of its vasodilator properties it is quite 
understandable that acetyl-8-methylcholine chloride exerts a favor- 
able influence upon vasospastic diseases. ‘The beneficial effect upon 
this group of vascular disturbances has been consistently noted in 
reports from those who have investigated this drug both experi- 
mentally and clinically. Some had a return of symptoms afterward. 
However, the improvement lasted for some considerable time after 
the treatments were discontinued. This was not: unexpected. 
After all, it is unreasonable to expect this drug to be judged merely 
by its ability to cure. 

Phiebitis. Mecholyl was used in this group as an experiment. 
Kovaes and Wright were elated with the results in the treatment of 
chronic ulcers presumably due to varicose veins. These ulcers 
were of a stubborn nature and resisted all other treatment. With 
mecholyl by iontophoresis they were able to cure every case. In 
their preliminary report they mention 9 cases and in a later paper 
have added a much larger number of patients with excellent results. 
Because of their experience, we applied this form of therapy to 


| | 
6 DV. 40M x x x 
7 40) 6° 5 x x x 
8 8. B. 4 6 x x x 
3 7 1 
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3 patients with phlebitis — acute and subacute (Table 4). Two other 
patients in the vasospastic group were suspected of having phlebitis 
but were not included in this series. 


Tanie 4.--Errecrs or Uepon 3 Patients Puuesiris. 


General 
ro t of s 8 
Improvement of symptom: improvement 
Other 

treat- Remarks. 
tents 


Cramps. Fatwue Pains 


Temporary 


Vaccine Acute. 
Subacute 


Deep veins and mild 
cramps 


Comment. Although this is a small series, vet we feel that some 
comment is pertinent here. There was a striking response in the relief 
of fatigue. Later the pains subsided. We cannot say why or how 
mecholyl helps this group. We know that in Buerger's disease a 
definite relationship seems to exist between the diseased veins and 
arteries and that the phlebitis may be a primary factor in the 
development of thromboangiitis obliterans. It is possible that in 
the above-mentioned patients the phlebitis produced a more or less 
degree of vasospasm of the nearby arteries and that mecholyl was 
instrumental in overcoming this spasm. 

Effects of Mecholyl Upon Symptoms. ‘The results upon the various 
disease groups and the symptoms have been arranged for comparison 
in Table 5. The total benefited by treatment was 22 (739%). Of 
this group, the highest percentages were among the vasospastic 
and phlebitis patients. The lowest percentages was in the Buerger 
disease series (559% of these patients responded to treatment). 
The diabetic group was more encouraging, 75% of the patients were 
benefited by iontophoresis. 

From the above table we note that mecholyl has an excellent 
influence upon such symptoms as fatigue and cramps and only a 
moderate effect upon pain. Sixteen of the IS patients who had 
cramps felt better and 25 of the 27 patients who complained of 
fatigue were considerably relieved. This response was noticeable 
in all the groups. 

Pain did not seem to be influenced by mecholyl to the same extent 
as the other symptoms. Out of 25 patients who complained of pain, 
17 were relieved (6667) and S did not respond. The entire number 
of failures were among the Buerger disease cases and diabetes. It 
is to be remembered that pain may result from arterial spasm, 


54M 1 38 x 
5 3 
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TasLe 5.-- ANALYSIS OF THE EFFrects OF Uron SyMproMs IN THE 4 
Disease GROUPS. 


Symptoms improved. Results. Total. 


Cramps. ‘Fatigue. Pains. Benefited. Failures 


Disease group. 


Yes. No. Yes. No. Yes. No. Total.* Total.t 


Temporary. 


Buerger's 
Diabetic 
Vasospastic 
Phiebitis 


Totals 


Per cent 


* Total benefited—include those with some improvement 
t Temporarily improved —included with the failures 


anoxemia and from nerve influences, either inflammatory or because 
of deficient blood supply to the nerves. Mecholyl may contribute 
to the relief of pain probably when it is brought about by spasm 
or anoxemia. This drug presumably cannot cope with the situation 
when the pain is caused by other influences. 

The total percentages of those benefited compares favorably 
with other forms of treatment. The practicability of iontophoresis 
is further emphasized because it can be employed in all cases of 
vascular diseases where the circulation is impaired. 

Conclusions. Acetyl-8-methylcholine chloride (mecholy]) is recog- 
nized by investigators as the most desirable preparation of the 
choline group for peripheral vascular disease. 

lontophoresis, or ionization, is the more direct and logical method 
of administering it in vascular disturbances. It is simple and 
practical. 

In a series of 30 patients observed in the course of over 550 treat- 
ments there were no serious untoward effects. Twenty-two patients 
(73%) were benefited, 3 were helped only temporarily and were 
added to the 5 failures, giving a total of S (27°). 

The best results were obtained in the vasospastic group, Si % 
responding favorably and excellently in the small phlebitis series: 
the diabetic cases showed a 65% favorable response and the Buerger 
disease group 55%. 

Symptomatically, mecholyl had a decided influence upon fatigue 
and cramps regardless of the underlying lesions. It did not control 
the pain so readily, particularly in the diabetic and thromboangiitis 
groups. 

The results of our observations evidently concur with the findings 
of those who investigated the pharmacologic and physiologic proper- 


2 2 5 2 3 55 5 45 
4 7 1 4 4 l 2 6 75 2 25 
3 7 l | 7 13 
3 3 3 100) 
17 4 3 5 
16 2 | 25 22 
| 92 73 27 
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ties of acetyl-p-methylcholine chloride and suggested that it had 
possibilities in the treatment of peripheral vascular diseases. While 
it does not cure, mecholyl undoubtedly does give relief in many 
cases by improving and increasing peripheral circulatory function. 


We wish to express our grateful acknowledgement to the Medical, Surgical and 
Orthopedic Departments for their coOperation and the privilege of observing their 
patients, and to Dr. Ross V. Patterson for his helpful suggestions. 
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URINARY EXCRETION OF ARSENIC. 
I. NORMAL SUBJECTS. 


By R. Marricr, Sc.M., 
ASSISTANT PROFESSOR OF CLINICAL PATHOLOGY, NEW YORK POST-GRADUATE MEDICAL 
SCHOOL AND HOSPITAL OF COLUMBIA UNIVERSITY, 


AND 
DonaLp Weisman, M.D., 


JUNIOR ASSISTANT PEDIATRICIAN, NEW YORK POST-GRADUATE MEDICAL SCHOOL AND 
HOSPITAL OF COLUMBIA UNIVERSITY, NEW YORK CITY. 


(From the Departments of Medicine and Pediatrics, New York Post-Graduate 
Medical School and Hospital of Columbia University.) 


Tue literature is full of statements about urinary arsenic excretion, 
but there is a dearth of actual figures which can stand scrutiny. 
We undertook, therefore, to determine the daily excretion of arsenic 
in the urine of essentially normal individuals. The establishment 
of a “normal” value is not merely of academic interest; it is essential 
for diagnosis and for ascertaining the effects of therapy. Results 
obtained in disease or under specific medication can be interpreted 
only in the light of adequate, controlled experiments. Failure to 
produce such data discredits much that has been reported on the 
excretion of arsenic. 

Fordyce, Rosen and Myers? tabulated analyses of “ normal”’ 
urine varving from 0 to 18.5 mg. of arsenic in 100 gm. of dried 
specimen without committing themselves to an accepted normal. 
Presumably the specimens were casual samples obtained from clinic 
patients of uncertain dietary and medicinal habits. Such casual 
specimens are shown by us to be meaningless. Unfortunately the 
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investigation of Fordyce ef a/. cannot be evaluated readily since 
the results are expressed in terms of 100 gm. of moist or dry urine 
rather than on the basis of a volume or 24-hour excretion. ‘There 
seems to be no valid reason for supposing that the elimination of 
arsenic parallels that of the total solids. Myers and Cornwall 
report for normal urine 0.4 mg. As per 100 gm. of dried specimen 
(Marsh method). In their opinion, normal urine rarely exceeds 
0.1 mg. As per liter. According to a citation from Tlills, of 260 
samples from 180 patients 135 showed urinary arsenic, 5 varying 
from 0.3 to 0.5 mg. per liter. 

Mayer! cites Schwartz as examining 74 normals of whom 18.96% 
presented no arsenic, 55.50% showed 0.0L to 0.09 mg. per liter, 
14% revealed 0.1 to 0.19 mg. per liter, and 11°) varied from 0.2 
to 0.69 mg. per liter of urine. 

Griffon, Buisson and Bardou® investigated the urinary output of 
arsenic in 33 persons (French) exposed only to “normal” amounts 
of the element. Their results varied from negative (3 instances) 
to 0.15 mg. As per 24 hours on “lacto-vegetarian” and “ regular 
hospital’’ diets not otherwise described. Only 5 cases exceeded 
0.05 mg. The series averaged 0.03 mg. per 24 hours (Griffon- 
Buisson method, 1933). These findings are significantly lower than 
those obtained in this country with different diets and chemical 
procedures. 

The changing dietary habits of the American people and the ever- 
increasing use of arsenical insecticides (17,500,000 Ibs. in) 1919, 
45,000,000 Ibs. in 1923 and 58,000,000 Ibs. in 1929, according to 
Myers et al.®) renders analyses performed abroad or in this country 
only a few years ago comparatively useless as indices of present-day 
conditions. Attempts to limit this dietary arsenic led one of us 
(DD. W.) to devise a special diet. 

Methods and Material. ‘The Osterberg’ electrolytic Gutzeit pro- 
cedure was used to ascertain the arsenic eliminated by the kidneys 
in 24 hours. Since it was not practical under routine conditions to 
take the entire specimen for analysis, a 25-cce. sample was arbi- 
trarily selected for oxidation. (This amount required 15 to 20 ce. 
of H.SO,.) The electrolytic step was carried out on an aliquot 
equivalent to 10 ce. of urine. Sensitized papers prepared by 
Osterberg’s method were not satisfactory. It was found better to 
soak the papers in the bromide solution until needed. Before use, 
a strip was blotted dry between filter paper and a fresh cut made 
at the end to be exposed to arsine. The paper was checked fre- 
quently with standard solutions of arsenic. 

With good test paper it was found possible to detect 0.0005 mg. 
of arsenic (as As), but precision was difficult below 0.0007 mg. A 
negative result merely indicated a concentration of less than 0.0005 
mg. of arsenic in the sample subjected to electrolysis. Where, for 
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example, a 10-cc. sample was negative, it was reported as less than 
0.0OS mg. in a 24-hour volume of 1600 ce. 

The subjects were members of the staff or persons hospitalized 
for presumably non-interfering conditions (e. g., rheumatic fever, 
upper respiratory infections, epilepsy, hemophilia). The occupa- 
tions, habits and histories of these individuals presented no unusual 
exposure to arsenic. No restrictions were enforced while on the 
“regular” institutional diet except the avoidance of those medica- 
tions and cosmetics believed to be contaminated with arsenic. 
After a protracted period of trial-and-error, the arsenic-low diet 
was limited to dairy products, meats (except liver), fowl, eggs, 


0.10 0.30 0.50 0.70 
Me. Arsenie (As) per Diem 
Fig. 1.--Frequency distribution of urinary arsenic range: Regular diet, 0 to 
O.S5 mg.; mean, 0.26 (163 cases); arsenic-low diet, 0 to 0.2 mg.; mean, 0.07 (48 
cases), 
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potatoes, peas, turnips, squash, beets, carrots, breakfast cereals, 
rice, bananas, coffee, tea, sugar (small amount only), salt and pepper. 
(It is not claimed that these foods are arsenic-free; from our food 
analyses we know that they are not; their ingestion, however, leads 
to a minimal excretion of arsenic.) Breadstuffs, foil-wrapped and 
‘anned foods, soft or alcoholic beverages, fruit juices, vegetables 
and fruits known to be sprayed, tobacco, candy and commercial 
ice cream were forbidden. 

Results. ‘The frequency distribution of urinary arsenic is pre- 
sented in Fig. 1. On the regular diet there are included 163 analyses 
With a variation from negative (1S¢;) to O.S5 (mean 0.26) mg. of 
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arsenic per diem. Superimposed is a diagonally-hatched field de- 
picting 4S analyses while on the arsenic-low diet, in) which the 
range Is from negative (6207) to 0.2 (mean 0.07) mg. of arsenic 
per 24 hours. Although over 400 24-hour samples were examined, 
data on searcely more than half are presented. The remainder 
were not included because: 1, There was subsequent question of 
exposure to arsenic although the values in every instance lay within 
the range shown; 2, the results exceeded at least 4 times the ascer- 
tained mean (5 cases: 1.0L, L.07, 1.13, 1.15 and 2.4 mg. of arsenic): 
and 3, the test diets were unsatisfactory for several months (such 
results could not be tabulated either as “regular” or “ arsenic-low”’). 

The excretion of arsenic on various diets is shown in Figs. 2 to 5. 
The patient presented in Fig. 5 was followed for over 3 weeks, 
15 days of which was on a minimum arsenic intake. Throughout 
the test period he maintained the low level of excretion. The 
greatest rate of elimination was 0.15 mg. of arsenic per diem and 
this could be ascribed to departure from the diet. Only by close 
attention to dietary detail is it possible to keep the urinary arsenic 
below O.1 mg. per 24 hours. 


Taste 1.— Urinary Arsente Excretion ix INTERVALS CoverING Four 


Arsen \s 
Date, Volume, 
1935 ntery Mg. /100 Muy. specimen vo 


1/27 0 O25 0 O14 
; 900 0 O11 0 O99 

190 Negative Less than 0.02 
1000 O O15 0 150 


2450 O 


510 OO7 0 04 
S00 0 06 
THO Trace Less than 0.03 
1320 Negative Less than 0.04 


5390 O 10+ mg. 


370 O O15 0 06 
370 0 O07 003 
0 0 10 


24 hour: 2705 


TOO 0 O19 0.13 


4 
P.M. 140 Negative Less than 0.01 
I 


A. 
P. 
P.M. 


1120 0 O15 0 16 
1040 0 007 0 07 


24 hours 33800 0 364 mg. per diem 


The urinary arsenic excretion by a normal individual on an 
unrestricted but known diet over a 4-day period is presented in 
Table 1, the collection of urine covering the four stated intervals 


|). 

A.M.~11 a.m. 

LL A.M.- 3 P.M. 

3 7 PLM, 

7 P.M.— 7 A.M. 

24 hours 
129 7 AM.-11 A.M. 

ll a.M.- 3 P.M. 

3P.M.-~ 7 PLM. 

7 P.M.— 7 AM. 

0.25 mg. per diem 
7 

11 
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rach day. It is apparent that the elimination of the metal is not 
constant nor confined to any time interval. Satisfactory studies 
on the urinary arsenic output cannot be made on samples taken at 
random. 

Table 2 demonstrates the results of placing 2 individuals on the 
same diet, but without limiting them as to the amount of food or 
fluid consumed. Their response is by no means identical. Few 
or no data are available on individual variation in the urinary output 
of incidentally ingested arsenic. Presumably the healthy person 
rapidly eliminates such arsenic. 


Tasie 2.—Varrations INDIVIDUALS ON THE SAME Dter. 
Subject A. Subject B. 


Urine volume, Mg. As per Urine volume, Mg. As per 
diem. ec diem. 
0.11 1780 Less than 0.09 
00S 1s45 Less than 0.10 
0 34 1925 0.14 
0 25 1500 0.23 
0.04 1490 0.15 


10,270 0.82 S540 0.524 


Subject C. Subject D. 
0 30 415 
0 69 2700 
2.40 2290 
0.22 2000 


3.61 7405 


Discussion. (‘onsiderable controversy exists over the term “ nor- 
mal arsenic.” The frequent occurrence of traces of the metal in 
normal tissues is no longer a debatable question, but it has never 
been demonstrated that arsenic is essential for normal tissue func- 
tion. Its presence, therefore, is to be regarded as accidental. It 
is immaterial, from the standpoint of urinary concentration, whether 
this arsenic is designated as normal or subclinical. 

Boos and Werby! support the contention that there is no such 
thing as normal arsenic in forensic medicine. They advocate using 
gross methods and selecting samples small enough to render normal 
specimens invariably negative. No one can question this practice 
as applied to cadavers in legal medicine, but the clinician is inter- 
ested chiefly in those amounts of arsenic which can be ignored by 
the toxicologist. Had we taken 5.cc. of urine for oxidation and 2 ce. 
for electrolysis, all specimens containing less than 0.25 mg. As per 
liter would have been reported as negative. On the other hand, 
had we analyzed large enough samples, all would have been found 
to be “positive.” The necessity for a standardized procedure 
which will detect physiologically important amounts of arsenic in 
the urine is obvious. The method of sampling suggested by the 
authors is practical and clinically useful. 


Date, ~ 
1933. 
45 
4/25 
426 
4/27 
5/7 
1935 
131 129 0.15 
2/1 1.13 
2/2 457 0.78 
2/3 142) 0.45 
9145 2.51 
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The literature is deluged with papers ascribing any number of 
pathologic states to chronic arsenic intoxication. Unfortunately 
these contentions are usually based upon assumptions rather than 
upon acceptable arsenic determinations under controlled conditions. 
For example, 69 out of 100 patients with biliary tract disease were 
said to have excreta (mainly urine) “ positive for arsenic,” but no 
figures were given nor controls studied. This was reported as 
evidence for the arsenical etiology of the observed hepatitis. A 
comparable series of perfectly normal individuals would undoubtedly 
have shown the same urinary arsenic values. 

The ultimate effect of long exposure to dietary and cosmetic 
arsenic is still a matter of conjecture. It is desirable, however, that 
the clinician be enabled by laboratory analyses to ascertain the 
role played by arsenic in his patients. As conducted at present, 
the vast majority of determinations are entirely misleading. 

It has been our aim to provide a fundamental control diet to 
permit further study of the behavior of arsenic in the body. Inves- 
tigations are under way to achieve a diet which will be somewhat 
more varied. When sufficient data have been assembled, it will be 
feasible to add known amounts of arsenical compounds to this 
standard diet for the purpose of ascertaining the degree of retention 
of the metal in persons suspected of chronic poisoning or hyper- 
sensitivity. The effect of popular therapeutic agents must be 
studied in the same fashion. 

Summary. |. Satisfactory studies of urinary arsenic excretion 
cannot be made on casual specimens. 

2. The urinary arsenic excretion of normal individuals on an 
average diet fluctuates from day to day over a wide range; in our 
subjects (163) from negative (18°) to 0.85 mg. of arsenic (As) per 
diem with the mean at 0.26 mg. 

3. Figures for urinary arsenic excretion have no meaning unless 
the diet is known. 

4. An arsenic-low diet is suggested which decreased the urinary 
elimination in 48 subjects; they ranged from negative (62°) té 
().2 mg. arsenic (As) per diem with the mean at 0.07 mg. 

5. Results of studies of urinary arsenic excretion can be inter- 
preted only in the light of a standardized chemical procedure for 
the detection of arsenic. 
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(From. the 


Ir is the accepted practice among clinicians to treat) persons 
sus spected of chronic arsenical poisoning with a course of thiosul- 
phate injections. This is usually done prior to the collection. of 
urine specimens for analysis. Cannon! almost invariably found 
that patients who had dermatoses and low blood arsenic values on 
admission reacted to sodium or calcium thiosulphate therapy with 
a temporary rise in both blood and urine arsenic. This was taken 
as suggesting a mobilization of the metal from internal storage 
depots followed by excretion. Although Cannon used thiosulphate 
both intravenously and orally on a great number of patients with 
apparent clinical benefit, he undoubtedly presents opinions rather 
than statistical data. Despite the fact that Cannon recognized 
the dietary source of body arsenic, he apparently failed to consider 
it in interpreting his analyses. 

Kuhn and Reese® believed that their experimental results indi- 
cated that thiosulphate increased the urinary arsenic output. 
Young? found that sodium thiosulphate diminished t © rate of 
arsenic excretion, although clinical improvement was co omitant 
with the therapy. 

The attention of one of us (MR. MM.) was attracted several vears 
ago to the consistently low urinary arsenic values of dermatologic 
patients who had received 3 injections of thiosulphate at 48-hour 
intervals before collecting the 24-hour test specimens. 

Materials and Methods. ‘Thiosulphate is used so extensively as a 
therapeutic agent that no lack of uncontrolled material was at 
hand. Where, however, the dietary intake of arsenic is not known, 
the urinary arsenic values following injection of thiosulphate are 
meaningless, as is indicated in Paper 1.6 If thiosulphate mobilizes 
arsenic for excretion, it should have been easy to demonstrate it 
on individuals limited to an arsenic-low diet for several days 
prior to and during the course of the injections. Since a single 
specimen may have been invalidated by chance arsenic in’ the 
food, it was considered advisable to perform the analyses for a 
3- to 7-day period. The necessity for using only freshly prepared 
solutions of thiosulphate was recognized. The experiments were 
restricted to intravenous administration of the therapeutic agent. 
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The diets and the analytical procedures were those previously 


desertbed 

Results and Discussion. ‘lable | presents the findings in a neu- 
rological patient (courtesy of Dr. George Blakeslee) whose symp- 
toms were thought to be due to a chronic arsenical poisoning 
acquired from food, beverages, or tobacco. The patient Was 
placed upon a diet which, except for breadstulfs, was regarded as 
The results were slightly higher than anticipated 
from the diet during the 5 control days. Thiosulphate was admin- 
istered daily at noon for 6 days subsequently. A strict record was 
kept of the diet throughout, the patient cobperating enthusiastically 
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ing etiologic significance. This patient found the restricted diet 
very distasteful, but she attempted to follow it as well as she could 
under her home conditions. The thiosulphate had little effect 
upon the arsenic excretion, but the tendency was toward a di- 
minished output. 

The data in Table 3 were secured during the experimental deter- 
mination of an arsenic-low diet. Analyses before and after the 
thiosulphate demonstrate no appreciable mobilization of arsenic for 
excretion. 


TasBLe 3.—ARSENIC Excretion UNDER THE INFLUENCE oF THIOSULPHATE 


Arsen \s 
Date, Urine volume, ec Remarks 
1935, Me. 100 
1205 0 O22 0. 29 
1420 0 O15 0 21 
1550 OH 0 40 
LO A.M. 0 O10 Thiosulphate 
7 PLM. OO7 0 O4 given intra 
0 O04 0 Of venously at 
0 O15 0.13 10 alm, 
0 022 ODS 
Trace Less than 0.15 
OO7 O16 
0 007 14 


4.— Arsenic Excretion Vartous 


Urine Arsenic (As 
volume, Remarks 
ce Mg. per 100 cc) My. per diem 
1150 022 Light diet with Titro”’ 
salt. 

022 intravenously. 
O19 3 intravenously. 
O45 


O15 Beginning of  arsenic- 
low diet. 
O22 O9 intravenously. 
OLS 
OLO 
O22 
O15 0.13 Last day of calamine 
O07 0 06 lotion. 
Negative Less than 0.05 intravenously. 
Negative Less than 0.04 intravenously. 


The patient followed in Table 4 was admitted to the hospital on 
the dermatologic service (courtesy of Dr. Laird Van Dyck) and 
subjected to local treatment involving several agents known to 
contain appreciable amounts of arsenic. Since it was regarded 
that gross contamination of the urine with ointments or lotions was 
unlikely, the arsenic excretion was assumed to be dependent upon 
that absorbed through the skin and ingested with the food. There 
is no apparent evidence that thiosulphate increased the elimination 
of arsenic. 


Date, 
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Summary. |. It is possible to study the effect. of thiosulphate 
upon the excretion of arsenic only under conditions which control 
the ingestion of arsenic. 

2. Thiosulphate administered intravenously does not increase 
the urinary elimination of arsenic but tends to diminish it, not only 
on the day of injection but subsequently. 
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THE PRESENT STATUS OF THE PREVENTION AND TREATMENT 
OF INFLUENZA.* 


By Horace Perrrr, M.D., 
AND 


JosepH STrokKes, Jr., M.D., 
PHILADELPHIA, PA. 
(From the Department of Bacteriology, School of Medicine, University of Penn- 
sylvania, and the Children’s Hospital of Philadelphia.) 


CLINICIANS are inquiring for information concerning specific 
preventive and therapeutic agents for combating influenza. Briefly 


the story follows: 

In 1931, Dr. Richard E. Shope reported that swine influenza, a 
severe respiratory disease which was first noticed in 1918 in Iowa 
at the time of the human influenza epidemic, was caused by a 
filtrable virus plus a bacillus, H. influenza-suis. The virus alone 
produced a mild respiratory disease. Intramuscular injection of 
the virus alone conferred immunity in swine; whereas intramuscular 
injection of 1. influenza-suis gave no immunity to the virus disease, 
but protected them to some extent from the more severe manifes- 
tations of the disease, due to the concerted action of the virus and 
the bacillus. 

In 1933, Smith, Andrewes and Laidlaw, in England, were able to 
infect ferrets with filtered nasal washings from a man ill with 
epidemic influenza. The severe disease could be transmitted from 
ferret to ferret without the synergistic activity of bacteria. Further 
work showed that Shope’s swine influenza virus caused a disease in 
ferrets identical with that caused by the human virus. Moreover, 
Shope demonstrated that if the instillation of virus into the nares 
of ferrets was accompanied by ether anesthesia, pneumonic lung 
lesions developed. This method also produced a fatal pneumonia 
in mice with both viruses. 

* This article was kindly prepared by the authors at our request, to satisfy enquir- 
ies that had been received from physicians in regions where influenza is now epidemic. 

“Tur Eprrors. 
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A strain of human influenza virus (? RS) was isolated by Dr. 
Thomas Francis, Jr., from the epidemic in Puerto Rico of 1054. 
Since then human viruses have been isolated by Dr. Francis from 
washings obtained in Point Barrow, Alaska, and from Philadelphia 
and New York. Isolation of a similar virus was made by Dr. F. M. 
Burnet working in Australia. These viruses from human cases 
have been found to be immunologically identical. Convalescent 
sera obtained from various points throughout the world have been 
found to contain protective antibodies, so that a mixture of virus 
and serum fails to infect experimental animals. Some of these sera 
were preserved in the dried form by the Flosdorf-Mudd method. 
Convalescent serum has proven of value in the treatment of mice 
infected with influenza virus. No data are available as vet, how- 
ever, concerning its advantages in the treatment of human beings. 

A ferret recovered from the virus disease is immune fora number of 
months. If after that it receives a subcutaneous dose of active virus 
(inactive virus does not suffice), its immunity returns. Intrader- 
mal, subcutaneous, intramuscular, intraperitoneal, and intravenous 
injections of the active virus did not produce the disease in animals. 
Human beings have already been injected subcutaneously and 
intramuscularly with active virus for the production of immunity 
and although neutralizing antibodies to the human virus. are 
increased thereby, it is not vet known if such inoculations protect. 
So much for the scientific aspects of influenza. Now let us turn to 
a practical consideration of the disease. 

When the physician is called to a houseful of patients, he still 
must rely upon his own experience or the general treatment recom- 
mended in current standard textbooks of medicine to guide him 
in handling his problem. He knows that uncomplicated influenza 
is a mild febrile disease lasting 4 or 5 days and leaving the patient 
weak out of all proportion to the activity of the acute stage. He 
knows that complications are frequent, severe, disabling and often 
fatal. Therefore, he bases the logic of his measures upon this 
foundation. The patient must be put to bed as early as possible 
and kept there until at least 48 hours after he has become afebrile. 
Diet should be entirely liquid, being a total of 2000 to 3000 ce. 
per day for adults, given in small amounts and frequently during 
the height of the illness. Soft food should be given on or about the 
fourth day, followed by a slow return to the normal diet. A small 
enema is preferred to laxatives. Cathartics should be avoided. 
The patient should have absolute rest with his head and shoulders 
slightly elevated. The cough should be treated by methods de- 
signed to make the sputum liquid and therefore more easily expecto- 
rated, rather than by methods designed to suppress the cough. 
Aches and pains may be modified by the judicious use of acetyl- 
salicylic acid or by other analgesics, but excessive sweating is 
dangerous. Pneumonia is the chief complication to be avoided; 
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other complications are meningitis, encephalitis, pleurisy, bronchitis, 
otitis and nephritis. Good nursing is the best method of staving off 
complications. 

If possible, the patient should be isolated not only for the pro- 
tection of others, but also for his own protection. Visitors should 
not be allowed during the acute stage. 

The herding together of influenza patients in hospital wards is 
to be avoided on account of the probable spread of secondarily 
invading bacteria. If reasonable isolation, complete rest and good 
care are available at home, patients should not be moved. 

An excellent summary of our present knowledge of the etiology 
of influenza is to be found in “Studies in Influenza,” by Dr. Thomas 
Francis, Jr., of the Rockefeller Foundation (Penna. Med. J., 40, 249, 
1937). For those who are interested in delving into the literature, 
the following papers are suggested: 

Franets, T., Jr.: Recent Advances in the Study of Influenza, J. Am. Med. Assn., 
105, 251, 1935 

Franeis, T., Jr., and T. P.: The Incidence of Neutralizing Antibodies 
for Human Influenza in the Serum of Human Individuals of Different Ages, J. Exp 
Med., 63, 655, 1936. 

Francis, T., Jr., and Maciti, T. P.: The Antibody Response of Human Subjects 
Vaccinated with the Virus of Human Influenza, J. Exp. Med., 65, 251, 1937; also 
Proc. Soc. Exp. Biol. and Med., 33, 604, 1935-36. 

Laiptaw, P. Epidemic Influenza, a Virus Disease, Lancet, 1, 1118, 1935. 

A., Wartrz, A. D.. Strokes, J., Jr.. and Giapen, R. G.: Active 
Immunization with the Viruses of Human and Swine Influenza, Trans. Soc. Ped. 
Res., in Am. J. Dis. Child., 52, 757, 1936 

Srokes, J., Jr., CHenowern, A.. Warrz, A. D., R. G., and SHaw, D.: 
Results of Immunization by Means of Active Virus of Human Influenza, J. Clin. 
Invest. (in press). 

Perrit, H., Mupp, 8., and Perrer, D. S8.: The Philadelphia and Alaska Strains 
of Influenza Virus, J. Am. Med. Assn., 106, S90, 1936. 

SHope, R. E.: The Incidence of Neutralizing Antibodies for Swine Influenza 
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In summary, we may say that progress is being made in the 
specific knowledge of influenza, so that effective methods of im- 
munization and treatment may be available in the near future. At 
present the physician must treat his patients svymptomatically with 
the object of preventing complications and he should do this by 
the gentle but persistent means of rest in bed, a glass of fluid every 
hour, mild enemas instead of strong purgatives, analgesics and 
sedatives in moderation, the best nursing obtainable, and the 
isolation of the patient. It is better to do too little than too much 
in the way of dosing with drugs. 
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ANATOMY OF THE HUMAN Bopy. By Henny Gray, F.R.S., Fellow of the 
Royal College of Surgeons; Leeturer on Anatomy at St. George’s Hos- 
pital Medical School, London. Pp. 1381; 1216 illustrations. Twenty- 
third edition, thoroughly revised and re-edited by Warren H. Lewts, 
B.S., M.D., Professor of Physiological Anatomy, Johns Hopkins Uni- 
versity, Baltimore, Maryland; Research Associate, Carnegie Institution 
of Washington. Philadelphia: Lea & Febiger, 1936. Price, $10.00. 
“SINCE the publication of the first English edition of this work in 1858 

and the first American edition in 1859 great advances in the subject of 

Anatomy have been made, especially in microscopic anatomy and the 

anatomy of the embryo. This knowledge was embodied from time to time 

in the successive editions until finally considerable portions of the text, 
sometimes sections, were devoted to these subjects. However, the main 
text has always remained primarily a descriptive anatomy of the human 
body. The distribution of the special sections on embryology and histology 
among the subjects with which they naturally belong has been retained in 
the present edition. Such an arrangement serves to emphasize the unity 
of the three great divisions of human anatomy, namely -embryology, 
microscopic anatomy and gross anatomy —and the advantage of their 
coordinate study for the best understanding of the structure of the human 
body. In addition to the endeavor to bring each section up to date by 
incorporating new knowledge which has appeared since the previous edi- 
tion, the sections on embryology, the central nervous system, and the duct- 
less glands have been thoroughly revised and new material has been added 
on the physiological anatomy of various organs.... New illustrations 
have been added and many old ones have been replaced by more effective 
figures.... The use of the B.N.A. nomenclature in English has been 
retained practically unchanged in this edition except for the adoption of 

Langley’s terminology of the autonomic nervous system. Important refer- 

ences to the literature have been added at the end of each section... . It 

is interesting to note that although Henry Gray saw only the first edition, 
much of the original text persists and many of his illustrations are still in 
use.” (Editor's Preface). 


THe PHENOMENA OF Lire. A Radio-electric Interpretation. By GrorGe 
Crite. Edited by Amy Row.Lanp. Pp. 379; 113 illustrations and 22 
tables. New York: W. W. Norton & Co., Inc., 1936. Price, $3.50. 
Tue dangers of a post hoc ergo propter hoc type of reasoning are well exem- 

plified in this, the most recent of the author’s works. The observation 

that living tissues possess electrical properties was made as far back as 

the 18th century. The author, rediscovering this fact, has noted, in a 

series of experiments, the influence of various chemical, physical and opera- 

tive procedures upon these electrical phenomena. The central thesis of 
this book appears to be the radio-electric theory of life processes, which, 
in the words of the author, postulates that living organisms are bipolar 
mechanisms constructed and motivated by radiant and electrical forces. 
It is evident that the book represents extensive reading in many fields. 

However, there is apparent throughout a definite tendency to emphasize 

those investigations of other workers which lend support to the hypotheses 

of the author. The style of writing is free and flowing, and both material 
and argument are presented in an interesting fashion. While an endeavor 
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is made throughout to maintain a scientific tone, the note at times becomes 
somewhat metaphysical. Too many postulates and assumptions are made 
and bolstered up with miscellaneous data, references and dubious experi- 
ments. For instance, it is unfortunate that the author has attached so 
much significance to minor cytologic changes. The use of dead tissue with- 
out an adequate consideration of the factor of postmortem change is fraught 
with great danger. Notwithstanding all of this, the work is stimulating, 
and can be recommended even to those who do not agree with the theories 
of the author. mM. D. 


Tue Toxemias or Pregnancy. By Dame Louise McItroy, D.B.E., 
LL.D... M.D... Dose. (Giase.), (Lonp.), Hon. (BELFAST), 
B.CLO.G., M.RLC.P., Consulting Obstetrician and Gynecological Surgeon, 
Royal Free Hospital; Surgeon, Marie Curie Hospital, ete. Pp. 355; 
19 illustrations. Baltimore: William Wood & Co., 1936. Price, $5.00. 
Tuts ill-defined symptom complex is comprehensively reviewed and the 

many problems encountered in its prevention and treatment thoroughly 

discussed. The findings and opinions from every country are presented, 
with the exception that German literature seems incompletely covered. 

The book takes up the statistical aspect of the subject stressing maternal 
and fetal mortality, then covers the theories and classifications and follows 
with the functional studies of the normal and abnormal pregnancy. Ante- 
natal care is exhaustively studied under the subject of nutrition, diet defi- 
ciency and relation of weight changes of toxemias. 

The authoress regards the theories and classification as still incomplete 
and poorly founded. She suggests further research on the endocrine aspect 
and deficiency theories of this condition. The symptoms and signs of 
toxemia she feels are mostly effects of altered metabolism and represent 
increasing recessions of defense. 

Chronic nephritis in pregnancy is considered as an entity and forms the 
subject of a very able section, as does also the contribution of her co-worker, 
Jane Mellroy, on the eve changes of toxemia. The authoress emphasizes 
the importance of antenatal care and prophylaxis and stresses Conservative 
medical treatment with a minimum of obstetric interference. 

P.. 


A or Pracrica Opstrerrics. By O'DoneL Browne, M.B., 
B.Cu., B.A.O., LM. (Rorunpa Hosp.), M.C.O.G., Assistant 
Gynecologist, Sir Patrick Dun’s Hospital, Dublin; Assistant to the 
Professor of Midwifery, Trinity College, Dublin. Pp. 363; 236 illustra- 
tions and 10 plates, some in color. Baltimore: William Wood & Co., 
1936. Price, $6.50. 

Tus book has been written to present the subject of Clinical Obstetrics 
in as practical a form as possible. It is felt that the author has succeeded 
very well in his effort. He has left out statistics and theoretical considera- 
tions largely and has expressed very definitely his own views and methods 
of handling difficult situations. The illustrations which are borrowed in 
part from other works serve well to illustrate the text. 

Anatomy and Physiology are briefly discussed. Antenatal care is gone 
into in much detail, here as in other sections of the book there seems to be 
a considerable tendency to recommend proprietary medicines by name. 
In discussing the diseases complicating pregnancy the author does not 
mention the use of early Cesarean section in diabetes, a procedure which is 
often used in this condition in the United States. The directions for the 
conduct of pregnancy, obstetrical diagnosis, mechanism and conduct of 
normal labor, care of the patient during labor are gone into thoroughly, 
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simply, and concisely with practical suggestions. “The lateral position sug- 
gested is not in use in the United States and the frequent interspersing of 
illustrations of patients in the dorsal with those of patients in lateral posi- 
tions is confusing. The author does not favor rectal examinations in labor. 

A rather marked error in proofreading occurs on page 66: “Sometimes 
it is more convenient to remove the baby before stitching a torn perineum.” 
In the able chapter on Stimulants and Anesthetics of Labor, the barbitu- 
rates are not mentioned. Follow-up examination over a sufficient period 
of time is stressed in the care of the puerperal patient. The abnormalities 
of labor, hemorrhages and the treatment of various Complications are well 
presented. The author evidently feels that Cesarean has not been employed 
in sufficient frequency in Lreland for placenta previa. The Rotunda method 
of treating convulsive toxemias of pregnancy is the author's choice. The 
Stroginoff treatment is also described. There is a fine chapter on Puerperal 
Sepsis. 

The book concludes with three chapters written by colleagues, one on the 
Newborn Infant by Collis, which is a fine presentation, a chapter on Radi- 
ology written by MeDonogh, which stresses the importance of Roentgen 
ray examinations in obstetrical practice and a concluding discussion of 
Blood Typing and Blood Transfusions by Dockeray. 

This is an excellent presentation of practical obstetrics, a working manual, 
eminently suitable for the general practitioner. PW. 


A Diapetric For Practitioners and Patients. By Epwarp L. 
Bortz, A.B., M.D., F.A.C.P., Associate Professor of Medicine, Graduate 
School of Medicine, University of Pennsylvania; Chief of Medical Ser- 
vice B, The Lankenau Hospital, Philadelphia, ete. With a Foreword 


by GeorGe Morris Piersor, B.S., M.D., F.A.C.P., Professor of Medi- 

cine, Graduate School of Medicine, University of Pennsylvania, ete. 

Pp. 222; 12 illustrations (2 in color). Philadelphia: F. A. Davis Com- 

pany, 1936. Price, $2.00. 

A DIABETIC manual today may be likened to a new recruit to the came 
paign for medical education. For the patient, this book offers a thoroughly 
sound and reliable presentation of diabetes and its care in very clear lan- 
guage. Chapters on the teeth, feet, juvenile diabetes and surgery by con- 
tributing authors have added to this elementary book as they do to texts. 
The section on Protamine Insulin is very wisely written in view of its 
recent introduction. 

There should be more equivalents or substitutes in the protein and fat 
foods, and the 3-page table of the sodium chloride content of foods seems 
unnecessary in connection with hypertension, since medical authorities 
are not in agreement on the value of salt restriction in this condition. Such 
comments are minor points. The manual lacks the encouragement on 
every page, the optimistic enthusiasm which may be needed to encourage 
an ignorant first reader. This may prove to be an advantage in not obscur- 
ing the facts of diabetes and details of its care. In any case, the manual 
should rank very high and have a useful part in promoting the proper 
management of diabetes. L. 


Tue THrory anp Practice or Psycutarry. By WILLIAM SADLER, 
M.D., Chief Psychiatrist and Director, The Chicago Institute of Re- 
search and Diagnosis; Consulting Psychiatrist to Columbus Hospital, ete. 
Pp. 1231. St. Louis: The C. V. Mosby Company, 1936. Price, $10.00. 
Tuts encyclopedic volume, with topics ranging from infancy to senes- 

cence, expresses the author's extramural, psychiatric viewpoint, and, as 
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such, is probably without an equal in any language. Here is offered a 
valuable reference work to psychiatrists, general practitioners, teachers, 
ministers, social workers and psychologists. 

The subject matter is considered as the Theory of Psychiatry, Personality 
Problems, The Neuroses, The Psychoses and Psychotherapeutics. The 
thoroughness with which these parts are discussed is suggested by the list 
of headings under Personality Problems: What is Personality? Classifica- 
tions of Personality, Unification of Personality, Maladjustments of Per- 
sonality, Technies of Adjustment, Personality of the Nursery, Childhood 
Psychology, Personality of the Preschool Child, Play, Education and 
Discipline. Preadolescence and Adolescent Difficulties, The Adolescent 
Personality, Adolescent) Personality Problems, Family Relationships, and 
Problems of Adult Personality. 

Perhaps there is a tendency to dogmatize too strongly on some moot 
problems as may be shown in the discussion of sterilization: ‘* There is no 
question that a sterilization law, enforced throughout the United States, 
would result, in less than one hundred years, in eliminating a large amount 
of crime, insanity, feeblemindedness, moronism and abnormal sexuality, 
as well as many other forms of defectiveness and degeneracy.” This is 
not in accord with our best thought, where it appears sterilization should 
only be done with the consent of the individual or those responsible for 
him, thus obviating possible constitutional, religious and other objections. 

Back in the 6th century, the famed Gheel colony method of caring for 
those mentally afflicted, had origin, and its inclusion here would have been 
most appropriate to the general design of the author. Within the environs 
of this Belgian town are at present about 2500 selected patients who are 
boarded out amongst the townfolks. The advantages thus afforded are 
those of home comfort, freedom and occupation; and all provided at a 


lessened expense to the taxpayer. It is said that locally the social standing 
of the hosts is determined by the care bestowed upon those committed to 
their custody. 

Features of the book worthy of commendation are clarity of presentation, 
an abundant and revealing bibliography at the end of each chapter, a glos- 
sary of 34 pages and an index of 36 pages. i - 


THe Operations or Surcery. Vol. 1. The Upper Extremity, The Head 
and Neck, The Thorax, The Lower Extremity, The Vertebral Column. 
By R. P. Rownanps, M.S. (Lonpb.), (ENG.), Late Surgeon to 
Guy's Hospital; Late Lecturer on Surgery to the Medical School; and 
Turner, B.Sec., M.S. (Lonp.), F.R.C.S. (Ena.), Consulting 
Surgeon to Guy's Hospital; Formerly Lecturer on Surgery and Teacher 
of Operative Surgery to the Medical School. Pp. 1043; 435 illustrations, 
38 in color. Eighth edition. Baltimore: William Wood & Co., 1936. 
Price, $10.00, 

Tuts Sth edition, published after the death of Mr. Rowlands, was revised 
by him in many of the chapters; the rest of the revision was done by Messrs. 
W. H. Ogilvie, Grant Massie, and A. R. Thompson. This book, as in 
previous editions, gives a detailed account of the standard operations of 
surgery and a fair criticism of newer methods is inserted. In addition to 
the operations in Common surgery there are sections on otology, laryngology, 
gynecology, orthopedics and neurosurgery. In this volume general chap- 
ters are given on the examination and preparation of the patient for opera- 
tion and postoperative treatment. The various operations of the above- 
named parts are detailed with many illustrations, some of which are in 
color. The book is of the same type as in previous editions and represents 
a well-known standard text on surgical operations brought up to date. 


L. F. 
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MepiziniscHE PRAXIS. Sammlung fiir Arztliche Fortbildung. Edited by 
Proressors L. R. Crore, A. Fromme and K. Warnekros. Dresden: 
THEODOR Sreinkorrr, 1936. Band NN. Didtetik. Die Ernihrung des 
Gesunden und des Kranken. By Privarpozenr Dr. Witnetm Heuer, 
Oberarzt an der Medizinischen Universitits-Poliklinik, Frankfurt A.M. 
Pp. 192. Price: Paper, Rm. 9.50; Bound, Rm. 10.80. Band 1X. Blu- 
tung und Fluor. By Proressor Dr. Hans Runge, Direktor der Uni- 
versitiits-Frauenklinik Heidelberg. Pp. 117; 18 illustrations. Second 
edition. Price: Paper, Rm. 7; Bound, Rm. 8. 

From time to time there have appeared in this Series short monographs 
in various medical fields, notably those to which recent and significant 
advances have lent particular interest. The monographs have been written 
especially with the viewpoint and need of the general practitioner in mind. 

The books are of a convenient size, containing from SO to 220 pages, and 

are available in paper or more substantial bindings at prices ranging from 

Rm. 4.50 to Rm. 16.00. Of the two volumes here considered, the one on 

dietetics, recently issued, is a practical discussion of nutrition and feeding 

in health and disease. In its comparatively small Compass it nevertheless 
covers the subject unusually well, with only one disadvantage for American 
readers, in that it speaks in terms of German cooking. The other volume, 
now in its second edition, considers the gynecologic topics of menstruation, 
bleeding and discharge. It is a splendid presentation, particularly as 
concerns present knowledge of endocrine functions. Both books fully 
qualify under the subtitle of this Series, ‘Collection for Postgraduate 
{ducation of Physicians,”’ and are warmly recommended to all practitioners 
who read German. R. K. 


Dit WeRKE DEs HippokraTes. HERAUSGEGEBEN VON Dr. Mep. Richarp 
KAPFERER unter MITWIRKUNG VON Pror. Dr. GeorG Srricker, Wiirz- 
burg. Book 10: Die Krisen; Die Kritischen Tage; Prognostikon—(The 
Crises); (The Critical Days); (The Prognosties). Pp. 75. Stuttgart: 
Hippokrates Verlag G.M.B.H., 1936. Price, Rm. 5.25. (To be pub- 
lished in 25 parts costing ca. Rm. 100, card binding.) 

RECOGNIZING that the two works, *Crises’’ and ‘Critical Days,” are 
generally not included in the Hippocratic corpus, as they are not mentioned 
by Erotian or Galen, the Editor of this edition nevertheless includes them 
as he finds internal evidence suggesting that they were formerly included 
in “Diet in Acute Diseases.” “ Prognostikon,” generally accepted as a 
true work of Hippocrates, gives a matchless exposition of this important 
part of the Hippocratic art. After pointing out the importance of being 
able to predict the patient’s future from knowledge of his past and present 
condition, the author points out what may be learned from the expression 
of the fact (here we find the facies Hippocratica), the position in bed, the 
hands (carphalogia), the respiration, sputum, urine, feces and so on, ending 
with a consideration of the effect of the Macrocosm (airs, miasma, seasons) 
on the sick individual. KE. K. 


MicroBioLoGy AND PATHOLOGY FOR By CHarces F. Carrer, 
B.S., M.D., Director, Carter's Clinical Laboratory, Dallas, Texas; 
Formerly Director of Laboratories, Parkland Hospital, Dallas, and 
Lecturer in Bacteriology and Pathology, Parkland Hospital School of 
Nursing. Pp. 682; 138 illustrations and 14 color plates. St. Louis: 
The C. V. Mosby Company, 1936. Price, $3.00. 

Tue material is presented simply and lucidly, avoiding controversial 
points; the survey of the subject, however, is rather exhaustive, encom- 
passing a greater scope than the usual nursing class could grasp in the time 
allotted for this subject. As a reference book for the nurse on any particu- 
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lar case, it provides much practical information to increase her interest, 
orient her thoughts, and improve her professional care. As an easily 
readable survey, its perusal by the physician would recall many practical 
points apt to be overlooked in the minutixe of medical school classes. The 
chapters are supplemented by relevant laboratory exhibits, review questions 
and brief bibliographies of pertinent references among other textbooks. 
A glossary of some SOO words and a good index conclude the book. 
QO. S. 


THe Surcicat or Norra America. Vou. 16. No. (NEw 
NUMBER JUNE, 1936). Pp. 277; 79 illustrations. Philadelphia: 
W. B. Saunders Company, 1936. Price: Paper, $12; Cloth, $16. (Per 
Clinic Year, February to December.) 

Or the 22 items of this New York number the first four constitute a small 
symposium on surgery for pain. Among the interesting articles noted are 
two on the parathyroids by Garlock and Parsons; Dudley's discussion of 
splenectomy and hemolytic jaundice, in the second case of which—one of 
active syphilis — the spleen was found to contain numerous spiro- 
chetes; and Farnham’s borderline topic of “Cardiac Disorders in Surgical 
Patients.” An Index for the three numbers of Volume 16 ts included. 

E. K. 


Tissue ImmMuNiry. By Reupen L. Kann, M.S., D.Se., Assistant Professor 
of Clinical Bacteriology and Serology, and Director of Clinical Labora- 
tories at the University Hospital, Ann Arbor, Mich. Pp. 707; illustrated. 
Springfield: Charles C Thomas, 1936. Price, $7.50. 

Tuts is the first attempt at presenting the broad subject of immunity 


from the angle of tissue immunity. Naturally, then, many new views are 
presented which are an elaboration of the theories presented by the author 
at various scientific meetings during the last 4 years. These new viewpoints 
should be of interest to the clinician, the pathologist, the bacteriologist, 
the dermatologist, and others, as well as to the teacher and student of 
immunology. The mass of data presented is based on quantitative studies 
conducted by the author and his corps of assistants. Practically every 
chapter closes with a section dealing with the consideration of the clinical 
applications of the material presented. H. M. 


GYNECOLOGY AND Opsterrics. (Vol. XVII of Clio Medica). By Epwin 
M. Jameson, M.1)., Surgeon, General Hospital; Consulting Surgeon, 
Reception Hospital, Saranac Lake, N.Y. Pp. 170; 5illustrations. New 
York: Paul B. Hoeber, Inc., 1936. Price, $2.00. 

Dr. JAMESON has given us a delightfully written account of the early 
customs and manners in obstetric practice and teaching, as well as depicting 
the rise of the recent speciality of gynecology, in this newest example of the 
series on the history of medicine which have been appearing under the title 
of Clio Medica. 

Evidently in obstetrics as in other branches of science little that we think 
is new is really new; for, as the author carries us through the traditions and 
customs of the early period and those of the Greek and Roman period, we 
find many suggestive allusions to methods which are not far different from 
those of the present day. What a commentary it is on the profuse output 
of the obstetrical and gynecological texts of this era to read that the famous 
“Rosengarten” of Eucharius Réslin was the first obstetric textbook to be 
issued in fourteen centuries. Reviewers must have had an easy time in 
those days. 
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The Modern period of obstetrics begins with the work of Mauriceau, 
van Deventer, and Portal and from this we are carried on to the develop- 
ment of obstetrical teaching in the modern manner and to the development 
of the modern maternity hospital. One of the most interesting chapters in 
the book is the account of the Chamberlein family and the development of 
the obstetric forceps. The story of puerperal fever is no less interesting, 
especially in view of the fact that sepsis still remains the scourge of modern 
maternity. It is especially pleasing to note the large part which American 
surgeons took in the development of gynecological technique. The obstetri- 
cal elassics; in many instances records of the original procedures and dis- 
coveries. This most interesting contribution to the history of obstetrics and 
gynecology deserves to be widely read. we 


STARLING’S PRINCIPLES OF HUMAN PHystoLoGy. Seventh Edition, edited 
and revised by C. Lovarr Evans, D.sSe., 
B’ham., Jodrell Professor of Physiology in University College, London. 
The Chapters on the Central Nervous System and Sense Organs Revised 
by H. Harrripge, M.A., M.D., Se.D., Professor of Physiology 
at St. Bartholomew's Medical College. Pp. 1096; 554 illustrations (6 in 
color). Philadelphia: Lea & Febiger, 1936.) Price, $8.75. 

“THE revelation of the structure of some of the vitamins, the advances 
in the chemistry of the hormones, particularly the sex hormones, in the 
chemistry of the carriage of carbon dioxide in the blood and of the humoral 
transmission of nervous impulses, have all received the consideration to 
which their importance entitles them. The advances in experimental 
physiology and biophysics likewise have demanded a thorough revision 
of the text and the methods for the recording of nervous impulses and for 
the study of the reproductive cycle have both been included. Practically 
every chapter has been revised to embrace these features and many sections 
have been rewritten. On the other hand, there has been such a careful 
pruning and elimination of obsolescent matter that the size of the text has 
been somewhat reduced. The inclusion of references to current and to 
classic literature .... has been retained in the form of foot-notes and in 
lists of general nature at the end of sections or chapters, thus enabling the 
advanced student to extend his reading.” (From Publisher's statement.) 


A TEXT-BOOK OF PHARMACOLOGY AND THERAPEUTICS or the Action of Drugs 
in Health and Disease. By Arruur R. Cusuny, M.A., M.D., LL.D., 
F.R.S., Late Professor of Materia Medica and Pharmacology in the 
University of Edinburgh. Pp. 808; 70 illustrations. Eleventh edition, 
thoroughly revised by C. W. Epmunpbs, A.B., M.D., Professor of Materia 
Medica and Therapeutics and Director of the Pharmacological Labora- 
tories in the University of Michigan, Ann Arbor, and J. A. GuNN, M.A., 
M.D., D.Sc., F.R.C.P., Professor of Pharmacology and Director of the 
Nuffield Institute for Medical Research, University of Oxford, Oxford, 
England. Philadelphia: Lea & Febiger, 1936. Price, $6.50. 

“THe appearance of the eleventh decennial revision of the Pharmacopcvia 
of the United States has necessitated extensive changes, especially in the 
lists of official preparations. It has furnished an opportunity, not only to 
revise this classic work but make a very considerable rearrangement of its 
order. As in the previous edition, the successors of the distinguished original 
author have maintained the rigorously scientific and critical spirit that 
has made this book internationally famous. As a result, it has upheld its 
popularity with teachers and students. 

In the first edition of this work, Cushny declared that the chief present 
function of pharmacology is destructive and critical. It still is, and worth- 
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less drugs continue to be dropped from the pharmacoparias. Constructive 
pharmacology ts growing, however, and the extensive additions and altera- 
tions in this edition bear witness to its advanees and to a growing Interest 
in therapeuties. levery chapter has been modified and expanded and the 
entire book reset. The text refleets to an unusual degree the constructive 
mind and eritical judgment of Dr. Cushny, the breadth and accuracy of 
his knowledge and his unswerving pursuit of truth that made him one of the 
most influential figures in the great advances of pharmacology. This edi- 
tion is in every way worthy of him.” (Publisher's statement.) 


Anrarniris AND Rubumatic Disease. By Mavurice F. Lavrman, M.D., 
Consultant to the United States Public Health Service Clinie and Direc- 
torof the Department for the Study of Arthritis, Levi Memorial Hospital, 
Hot Springs, Arkansas. With a foreword by Morris Fisoperm, M.D. 
Pp. 177; 12 illustrations. New York: MeGraw-Hill Book Company, 
Ine., 1936. Price, $2.00. 

Tuts book the second volume in the “Whittlesey House Health Series,”’ 
intended for the information of people without medical training, is simple 
in its language, sane and common-sense in its advice, and surprisingly com- 
ple te in conte nt. The author has been careful to present both, or several, 
sides of unsettled questions, and to indicate gaps in physicians’ present 
knowledge of the disease. The emphasis is on early diagnosis, careful study, 
and early and persistent treatment. In the description of the “pre-arthritic 
stage,” the stress on excessive fatigue as a symptom may be disturbing to a 
certain type of lay person. The Reviewer is inclined to think that the 
advantages of institutional or “resort” treatment are stated a trifle too 
strongly. 


The typography and make-up of the book are good. The illustrations are 
poor, and contribute little; this is particularly true of the two Roentgen 
photographs. 

The Reviewer believes that this book may, with profit, be prescribed for 
intelligent patients and patients’ relatives, and he intends so to prescribe it. 


J. C. 


\ Texrsook or Hisrotocy. By Josern Krarka, Jr., Pu.D., M.D., 
Professor of Microscopic Anatomy, University of Georgia School ot 
Medicine, Augusta. Pp. 246; 95 illustrations. Baltimore: The Williams «& 
Wilkins Company, 1936. Price, $2.50. 

Tus is a condensed account of mammalian histology with frequent 
reference to contemporary viewpoints. It is intended for preliminary 
courses in the subjeet, and is expected to be supplemented by laboratory 
work. The illustrations are mostly diagrammatic and of a simplified char- 
acter, in keeping with the purpose of the book. ww. A, 


Tue Practice oF Mepicinge. By JoNATHAN CAMPBELL MEAKINS, M.D., 
LL.D., Professor of Medicine and Director of the Department of Medi- 
cine, MeGill University; Physician-in-Chief, Royal Victoria Hospital, 
Montreal, ete. Pp. 1343; 505 illustrations (35 in color). St. Louis: 
The C. V. Mosby Company, 1936. Price, $10.00. 

ALrHouGH there are a number of good single volume textbooks of medi- 
cine on the market, another by a recognized authority is bound to have 
some value in emphasizing different points of view and bringing a certain 
freshness that is very difficult for a new edition of an old work to acquire. 
This book has the added advantage of an unusually large number of well 
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chosen and good illustrations, of which 35 are in color. The usual textbook 
paragraph on “Pathology” (meaning “Pathologic Anatomy’) has properly 
been subordinated where material of more direct importance for the physi- 
cian Clamors for space. However, the lack of regularity that is evident in 
the book from several aspects is here manifest in a quite unimportant 
way, to be sure” by the haphazard use of “Pathology,” “Pathologie Anat- 
omy” and ‘Anatomical changes’ to indicate this section for the various 
diseases. The book includes a commendable number of recent advances, 
such as drug causation of agranulocytosis and its frequently hyperplastic 
marrow, the prostigmine treatment of myasthenia, modern views on Bright's 
disease, allergy (with a 7-page list of allergy-producing substances), radia- 
tion sickness, protamine insulinate, aleukemic reticulosis, to mention but 
a few of the many noticed by the Reviewer. The sections on diabetes 
mellitus and on the pituitary seem especially strong. It may be ungracious, 
then, to criticize apparent errors and omissions; but one must remember 
that there is already an abundance of good textbooks on this subject. 
Differences of opinion on medical problems are, of course, inevitable and 
the responsibility for typographical errors may be hard to fix. However, 
they are too numerous here to be passed without comment.  ‘‘Pellagarins”’ 
and “Chochin-China” (p. 734), “tarbardillo” (pp. 1193 and 1339), “matu- 
rition” (p. 5382) are but a few of the errors found on a casual survey; while 
others like ‘destructive’ for “distinetive’” (p. 54), “as is” for “and is” 
(p. 55) cause an annoying waste of the reader's time in making out the true 
meaning. More important, and vet more open to difference of opinion, 
are such points as the omission of protein edema from the discussion of 
chronic malnutrition; of vitamin deficiency as a factor in aleoholie neuritis; 
of the hemopoietic damage by mustard gas and of the doubts concerning 
the existence of status lymphaticus again to mention but a few. The 
inadequate treatment of chronic hemolytic jaundice and other conditions 
may, of course, be properly explained by the limitations of a single volume. 
In summary, then, we believe this to be a good text and are glad now to own 
a copy; but we also believe that the seconc edition will be superior to the 
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Das HAMORRHOIDALLEIDEN, SEINE KOMPLIKATIONEN UND DEREN BEHAND- 
LUNG. By Dr. Kasper Bionp and Dr. Hersert Horr, with a foreword 
by Proressor Dr. Leopotp ScHOnwaver. Pp. 121; 50 illustrations, 
many in colors. Wien: Franz Deuticke, 1936. Price: Paper, M. 12; 
Bound, M. 14.40. 

FISSURE IN ANO, fistula in ano, and periproctitis, as well as hemorrhoids, 
are considered in this monograph. The discussion of these lesions is rea- 
sonably complete although not exhaustive. It includes historical material, 
pathology, diagnosis and treatment. 

Two of the concepts in the blook will be new to most readers. The 
authors believe that the hemorrhoidal diseases play an etiological réle in 
diseases of the bile passages. They support this contention not only by 
anatomical considerations, but by a carefully controlled statistical study 
of the occurrence of hemorrhoidal diseases in patients coming to choleeys- 
tectomy. 

The other unorthodox concept is that fistula in ano results from a puru- 
lent thrombophlebitis in the hemorrhoidal plexus. The authors present 
their personal observations on the development of fistulze in support of this 
theory. 

The book is excellently illustrated with colored drawings, photographs, 
and Roentgen ray views of fistulous tracts following injection with opaque 
material. A number of references are cited in the text, but no systematic 
bibliography is afforded. J. R. 
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AMEISENSAURE ALS Hetimirren (Formic Acid as a Therapeutic Agent). 
By San.-Rat Dr. mep. ALbrecur Greiz. Pp. 14. Miinchen: 
Otto Gmelin, 1936. Price, M. 0.68. 

A BRIEF summary of a book by the same author and publisher (1927), 
which must be consulted if one wishes to “experience joy in formic acid 
therapy.” It is homeopathy of the [Sth century, claiming cures of acute 
diseases ranging from acute rheumatic fever and gonorrheal salpingitis or 
epididymitis to puerperal septicemia, nephritis, and cystitis, and of chronic 
disorders such as arthritis deformans, tuberculosis of lungs, larynx, bones, 
and skin, Addison’s disease, falling hair, cancer, asthma, gastric ulcer, and 
myopia all by subcutaneous or intravenous injection of formic acid (it 
must come from the ant, and can be obtained from a specified pharmacist. ) 
in dosage of the order of 0.3 to 0.5 ee. of dilutions ranging from 1 to 
100,000 to 1 followed by 199 ciphers. It may surprise the reader —as it did 
the Reviewer that a certain school of physicians still cling to such beliefs. 

C.S8 
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The Development of Modern Medicine. An Interpretation of the Social and 
Scientific Factors Involved. By RichHarp Harrison Suryock, Pro- 
fessor of History, Duke University. Pp. 442; illustrated. Philadelphia: 
University of Pennsylvania Press; London: Oxford University Press, 
1936. Price, $4.00. 

The Cyclopedia of Medicine. Vol. 13, Revision Service. Grorce Morris 
Prersoi, B.S., M.D., Editor-in-Chief, Epwarp L. Bortz, A.B., M.D., 
Assistant Editor. Chief Associate Editors: W. Wayne Bapcock, A.M., 
M.D., Surgery, Conrap Berens, M.D., Ophthalmology, P. Brooke 
BLanp, M.D., Obstetrics and Gynecology, Francis L. Lepgerer, B.S., 
M.D., Otology, Laryngology and Rhinology, A. Graeme MuircHe.y, 
M.D., Pediatrics. Pp. 1004; 190 illustrations. Philadelphia: F. A. 
Davis Company, 1937. Price, $12.00. 

Clinical Implications of Modern Physiologic Hematology. (Beaumont 
Foundation Lectures.) By Cuartes A. Doan, B.S., M.D., Professor of 
Medicine and Director of the Department of Medical and Surgical 
Research, College of Medicine, Ohio State University. Beaumont Lee- 
turer for 1936. Pp. 160; 12 illustrations, 52 charts and 8 tables. St. 
Paul, Minn.: Bruce Publishing Company, 1936. (No price given.) 

La Ponction de la Rate. By P. Emite-Wer, Médicin des Hépitaux, P. 
Iscu-W Assistant A H6pital Tenon, Suzanne Perlés, Chef de Labora- 
toire A VH6pital Tenon. Pp. 148; 23 illustrations, some in colors. Paris: 
Masson & Cie, 1936. Price, 35 fr. . 

The True Physician. The Modern “Doctor of the Old School.” By 
Wingate M. Jounson, M.D. Pp. 157.) New York: The Macmillan 
Company, 1936. Price, $1.75. 

Physical Therapeutic Methods in Otolaryngology. By Awranam R. 
LENDER, M.D., F.A.C.S., Associate in Laryngology, Rhinology, and 
Otology, University of Illinois College of Medicine; Fellow of the Ameri- 
can Academy of Ophthalmology and Otolaryngology. Pp. 442; 189 
illustrations. St. Louis: The C. V. Mosby Company, 1937. Price, 
$5.00. 

Terapéutica Quirirgica, Tomo 1V, Fasciculo 1. By Dr. José Arce, Pro- 
fesor Titular de la Universidad de Buenos Aires; Director del Instituto 
de Clinica Quirtrgica, ete. Pp. 271; 321 illustrations. Buenos Aires: 
E] Ateneo, 1936. (No price given.) 
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The Management of Obstetric Difficulties. By Pauu Trrus, M.1)., Obstetri- 
cian and Gynecologist to the St. Margaret Memorial Hospital, Pitts- 
burgh; Consulting Obstetrician and Gynecologist to the Pittsburgh City 
Homes and Hospital, Mayview, and to the Homestead Hospital, Home- 
stead, Pa. Pp. 879; 314 illustrations, including 4 color plates. St. Louis: 
The C. V. Mosby Company, 1937. Price, $8.50. 


Pathologie der Funktionen und Re qulationen. By Pror. Dr. L. Licurwrrz, 
Chef der Medizinischen Abteilung des Montefiore Hospital, New York; 
Clinical Professor of Medicine, Columbia University, New York. Pp. 
332; 65 illustrations and 61 charts. Leyden: A.W. Sijthoff’s Uitgevers- 
mij, N. V., 1936. Price: Paper, holl. fl. 13.25; Bound, holl. fl. 14.50, 


Synopsis of Ano-rectal Diseases. By Lovis J. Hirnscuman, M.D... PLALCLS., 
Iix-Vice President, A. M. A.; Professor of Pri tology, Wavne University, 
ete. Pp. 288; 174 illustrations and 6 color plates. St. Louis: The 
C. V. Mosby Company, 1987. Price, $3.50. 


Die Sternalpunktion als Diagnostische Methode. Prop. Dr. 
ScHULTEN, Hamburg-Eppendorf. Pp. 82; 2 illustrations and 16 colored 
plates. Leipzig: Georg Thieme, 1937. Price, Rm. IS. 

The Lung. By Witiiam SNow Miter, Emeritus Professor of Anatomy, 
University of Wisconsin. Pp. 209; 152 illustrations, including 20 colored 
plates. Springfield, Charles C Thomas, 1987. Price, $7.50. 

The Harvey Lectures. Series XNXI. Delivered under the Auspices ot 
The Harvey Society of New York 1935-1936. Under the Patronage of 
the New York Academy of Medicine. Pp. 255; illustrated. Baltimore 
The Williams & Wilkins Company, 1936. Price, $4.00. 

The British Encyclopadia of Medical Practice. Including Medicine, Sur- 
gery, Obstetrics, Gynecology, and other Special Subjects. Vol. 1, Abdom- 
inal Pain to Appendicitis; Vol. 2, Apraxia to Carriers in Infective Disease. 
Under the General Editorship of Sir Humpury Bt., 
M.D., D.Sc., bx emeritus {egius Professor ot 
Physies, Cambridge; Sometime President of the Roval College of Physi- 
cians of London, with the assistance in a consultative capacity of FL R. 
Fraser, M.D., F.R.C.P., Professor of Medicine, University of London; 
G. Grey Turner, M.S., D. Cu., F.R-C.S., Professor of Surgery, Univer- 
sity of London; James YounG, D.S.0., M.D., 
Professor of Obstetrics and Gynecology, University of London; Sir 
Leonarp RoGers, K.C.S.1., LL.D., Extra 
Physician, Hospital for Tropical Disease, London; Wacsne, 
O.B.E., M.D., F.R.C.P., Fellow of University College. Pp., Vol. 1, 802; 
Vol. 2, 830. Illustrations, Vol. 1, 96; Vol. 2, 111 in text, and 15 plates 
(5 in colors). London: Butterworth & Co. (Publishers), Ltd., 1936. 
Price, $12 per vol. 

A Woman Surgeon. The Life and Work of Rosalie Slaughter Morton. 
Foreword by Dr. HucH Hampron of Johns Hopkins. Pp. 399; 1 illus- 
tration. New York: Frederick A. Stokes Company, 1937. Price, 
$3.00. 

Inhalation Anesthesia. A Fundamental Guide. By Arruur EF. Gurpen, 
M.D., Associate Clinical Professor of Surgery (Anesthesia), University 
of Southern California School of Medicine. (Maemillan Surgical Mono- 
graphs, Evuiorr C. Curter, A.B., M.D., Editor.) Pp. 172; 6 charts. 
New York: The Maemillan Company, 1937. Price, $2.50. 

Carcinoma of the Female Genital Organs. By M. C. Matinowsky, and E 

QuaTerR, Translated from the Russian by A. 8. ScHwarrzMaANnn, A.B., 

M.D. Pp. 255; 50 illustrations (3 in colors). Boston: Bruce Humphries, 

Inc., 1936. Price, $5.00, 
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Diseases of the Newborn. By Apranam Tow, M.D., Adjunct Professor of 
Pediatrics, New York Polyelinie Hospital and Post-Graduate Medical 
School; Assistant Adjunet Pediatrician of the Abraham Jacobi Division 
for Children of the Lenox Hill Hospital, ete. Pp. 477; 53 illustrations. 
New York: Oxford University Press, 1937. (Price not given). 

The Cure of High Blood Pressure by Respiratory Exercises. By Loriar 
Tirara, M.D., Pa.D., Professor of Medicine, University of 
Munich. Authorized Translation, by Frepa DouGLas and ALBRECHT 
DouGnias, M.D., Pa.D. Pp. 71; 11 illustrations and 2 colored plates. 
New York: BB. Westermann Company, Ine., n.d. Price, $1.25. 

An Introduction to Comparative Bioche mistry. By BaALpwin, 
B.A., Pu.D., Fellow of St. John’s College, Cambridge; University Demon- 
strator in Biochemistry, Cambridge. With a Foreword by Pror. Sir 
PReDERICK GOWLAND Hopkins, Pp. 112; 11 illustrations and 
Ytables. New York: The Maemillan Company, 1937. Price, $1.50. 

The Physiological Basis of Medical Practice. A University of Toronto Text 
in Apphed Physiology. By CHartes Hersert Best, M.A., M.D., 
(Lonp.), (Canapa), (Canapba), Professor and 
Head of the Department of Physiology; Associate Director of the Con- 
naught Laboratories; Research Associate in the Banting-Best Depart- 
ment of Medical Research, University of Toronto, and Norman Burke 
Taytor, M.D., PLR GS. (Canapa), (Epin.), (Canapa), 
MLR LC US. (Lonpb.), Professor of Physiology, University 
of Toronto. Pp. 1684: 398 illustrations and 1 colored plate. Baltimore: 
William Wood & Co., 1937. Price, $10.00. 
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Dietetics for the Clinician. By Mitton ARLANDEN BribGes, B.S., M.D., 
hALCLP., Director of Medicine, Detention, Rikers Island and West 
Side Hospitals, New York: Consulting Physician, Seaview Hospital, 
Staten Island, New York, ete. Pp. 1055. Third Edition, thoroughly 
revised. Philadelphia: Lea & Febiger, 1937. Price, $10.00. 

Hand-book of Ocular Therapeutics. By Saxrorp R. Girrorp, M.A., 
M.D., FLALCUS., Professor of Ophthalmology, Northwestern University 
Medical Sehool, Chicago; Attending Ophthalmologist, Passavant, 
Wesley Memorial, Evanston and Cook County Hospitals. Pp. 341; 60 
illustrations. Second Edition, thoroughly revised. Philadelphia: Lea 
& Febiger, 1937. Price, $3.75. 

Recent Advances in Allergy. (Asthma, Hay-fever, Eczema, Migraine, ete.). 
By Grorce W. Bray, M.B., Ca.M. (Sypney), M.R.C.P. (Lonpon), 
Physician in charge of Children’s Department, Prince of Wales Hospital; 
Assistant Physician Princess Elizabeth of York Hospital for Children, 
ete. With Foreword by Arruur F. Hurst, M.A., M.D. (Oxon.), 
Senior Physician, Guy's Hospital, ete. Pp. 517; 107 illus- 
trations, including 4 colored plates. Third Edition. Philadelphia: 
P. Blakiston’s Son & Co., Inc., 1987. Price, $5.00. 

A Text-book of Histology. Arranged upon an Embryological Basis. By 
J. Lewts Bremer, M.D., Hersey Professor of Anatomy, Harvard Uni- 
versity. Pp. 580; 455 illustrations (36 in color). Fifth Edition of 
“Lewis and Stohr.” Philadelphia: P. Blakiston’s Son & Co., Inc., 1936. 
Price, $6.50. 

Heart Disease. By Duptey Wurre, M.D., Lecturer in Medicine, 
Harvard Medical School; Physician to the Massachusetts General Hos- 
pital, Boston. Pp. 744; 125 illustrations. Second Edition, completely 
rewritten and reset. New York: The Macmillan Company, 1937. 
Price, $7.50. 
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THE RELATIONSHIP OF MENINGOCOCCUS CARRIERS TO THE 
INCIDENCE OF CEREBROSPINAL FEVER. 


Tue control of cerebrospinal fever is one of the unsolved problems 
of epidemiology. The disease continues to occur sporadically through- 
out the United States with characteristic seasonal increase in the late 
winter and spring. Here, there and yonder it suddenly becomes 
virulent, attains epidemic spread, prevails for a time, and disappears. 
In limited geographic areas there are alternating periods of unusual 
prevalence and relative rarity. 

In spite of much work, little of fundamental value has been added 
to knowledge of the conditions which determine these distributions 
since the monograph of Netter and Debré,” published in 1911, and the 
review by Frost,' in 1913. Experiences during and since the World 
War have, however, led to a better understanding of the biology of the 
meningococcus group of organisms and of the relationship between the 
distribution of carriers of meningococci and of cases of cerebrospinal 
fever. 

Serological ‘“‘Typing” of Meningococci. ‘The accumulated experience 
of bacteriologists brought about a general recognition of the fact that 
although meningococci fall into a reasonably homogeneous group 
morphologically and culturally, they exhibit wide variation in their 
antigenic structure and in their pathogenic potentialities. Attempts 
to classify the multiplicity of strains by means of agglutination and 
agglutinin absorption led to the adoption in England and America of 
of the Gordon-Murray Types I, I, IIL and IV, and in France of the 
Nicolle, Debains and Jouan Types A, B, C and D. Ability to classify 
strains serologically has led to exploration of the possibility that the 
antigenic composition thus identified might be correlated with those 
qualities which are grouped together under the term “ virulence,” and 
that this might hold the key to a better understanding of the irregular 
behavior of meningococci in the causation of disease and in the origin 
of epidemics. 
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In 1931, Branham, Taft and Carlin? completed an exhaustive study 
of the serologic classification into the 4 types of Gordon and Murray 
of 235 strains of meningococci isolated in various parts of the United 
States during the period 1928-1930; 215 were from spinal fluids, 5 from 
blood cultures and 15 from the rhinopharynx of carriers. This experi- 
ence afforded information of value both on the side of the technical 
problems involved and the distribution of “types”’ in this country. 

On the technical side, they’? confirmed the experience of others with 
regard to the difficulties encountered in the serologic classification 
of this group of organisms. A minority of strains, about 20°%, were 
agglutinated strongly by only a single type serum and could, therefore, 
be easily identified as to their Gordon grouping. This was particularly 
true of strains belonging to Type II] or IV. Although there was some 
overlapping, they tended to be fairly distinct. On the other hand, 
with the remaining strains comprising about S0% of those studied, 
diversity of antigenic pattern was the rule rather than the exception. 
Nor was this pattern stable. Although a strain might be fairly “ nar- 
row” or type-specific immediately after isolation, with transfer on 
artificial media it tended to become antigenically “broader.” All of 
the remaining strains were finally placed in either Type I or III, but 
the classification was not sharp nor entirely satisfactory. One type 
merged into the other, and some seemed to have antigen in common 
with Ilor IV. Thus, a majority of the strains of meningococci encoun- 
tered could not be assigned to “narrow” types— as is possible for 
example with the pneumococci. They could be assigned only to the 
broad antigenic groupings. 

Admitting the limitations of this method of classification, Branham 
and her co-workers compared the grouping of the strains of meningo- 
cocci isolated between 1927-1930, with that obtained in a similar 
study by Butterfield and Neill of 128 strains isolated during the World 
War period, 1918-1919. They found that there had been a_ shift 
toward a greater predominance of strains in the I and III groupings, 
with a corresponding decrease in the number of strains assigned to 
Type I. N. flavescens n. Sp. (Branham, 1930) had been described in 
the meantime, and 5.9% of the strains recovered in the later period 
were identified as belonging to this species. 

The shift in antigenic pattern of the prevailing types of meningococci 
as indicated by comparison with the Gordon type strains and sera 
was confirmed by the experience of the New York State Board of 
Health (Kirkbride and Cohen"). Between 1918 and 1930 a number 
of strains were typed each year, 431 in all. During the entire period 
not a single strain was identified as belonging to Type IV. The num- 
ber of strains classified in Types I and IIT (or I to II) increased from 
about 35% in the earlier identification to 70% in the later, while those 
classified in Type II decreased from about 35% to less than 5%. 
Apparently, then, the prevailing antigenic types of meningococei tend to 
change with the passage of time. 

Distribution of ‘‘Types.”” In studying the relationship of strain 
classification to geographic locality, admitting that the information is 
fragmentary, Branham et al. noted that all Type IV strains received 
were from Chicago, except one, and that one came from Kansas City. 
Their study further showed that in the sharply localized outbreaks 
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in Salt Lake City, Utah, and Twin Falls County, Idaho, in 1928) Loo 
all of the strains examined, 10 in number, were practically identical 
(Type 1). Two strains from a little outbreak in Rocky Mount, North 
Carolina, belonged to Type Il. The first group of cultures from the 
Detroit epidemic of 1928-1929 behaved in identical manner, whereas 
those received later from the same epidemic varied widely within the 
I and III range. The San Francisco strains came from two different 
outbreaks, separated by | year; the first group received consisted of 
practically identical I's, and the second of equally similar T1P's. The 
strains received from Indiana were chiefly TIP’s which might have 
been placed in’ several subgroups. Every possible intergradation 
between T and IIT occurred among a large number of strains from 
Tennessee. Those received from Chicago were the most heterogeneous 
of all, falling into all 4 groups, and N. flavescens as well. (See also 
Pope and White.”) 

In their study of the outbreak at Chatham Naval Hospital in England, 
Dudley and Brennan roughly classified 147 cultures isolated from cases 
and carriers between May and October, 1933, according to the Gordon 
types. Type I] had 121, 13 were Type II], 12 were indistinguishable 
or inagglutinable, a solitary culture agglutinated with Type I serum 
only. There was no doubt that Type [I] predominated up to October, 
1933, but in the following month with about half the cultures it was 
impossible to distinguish whether they belonged to Type LL or ILL. 
In February and May of the following year, Type ILL predominated 
over Type I], 29 of the former to 11 of the latter, 4 IT III's, 4 1-1TL TI's 
and 2 IV's. After completion of this serologic investigation, the 
Standard Laboratory at Oxford, who supplied the specific type sera, 
issued a circular in which it was stated that Types I] and [V meningo- 
cocci belong to a “large heterogeneous group” of organisms having 
little or none of the characteristics of the original Gordon Types I 
and IV. Therefore, they proposed in the future to issue only 2 diag- 
nostic sera, Group I, equivalent to Gordon's Types | and TIL, and 
Group II containing antibodies to several of the commoner antigens, 
not in Group accordance with this classification of men- 
ingitidis, Group IIT was at first predominant at Chatham, but was later 
replaced largely by Group I—the carrier rate remaining constant 
throughout the substitution at the phenomenal level of 50%. 

Without quoting further observations, it appears that ésolated 
outbreaks may be due to a single serologic type of meningococeus, but that 
in more extensive epidemics all varieties may appear and that in the same 
epidemic the predominating antigenic type may change. 

Virulence of “Types.”” The opinion expressed by Rake?’ that 
Types I and II and related strains are rare in the general population 
during endemic times and are probably responsible for most epidemics, 
while Type II is more saprophytic in nature, occasionally giving rise 
to endemic cases, is open to question as a generalization applying over 
a long period of time and wide geographic area. The evidence at 
present available, on the contrary, indicates that strains in all 4 Gordon 
types may at times become highly pathogenic, and give rise to cases 
and outbreaks. 

The term “virulence” is a vague one, but for purpose of diseus- 
sion, it may be said to involve two qualities, that is, “toxicity”? and 
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“invasiveness.” The former attribute can be roughly measured by 
intrapleural, intravenous, intracisternal, subdural or intraperitoneal 
injections of heavy suspensions of meningococci, living or dead, into 
laboratory animals mice, guinea pigs, rabbits. It has been found to 
be a labile character, usually present in strains freshly isolated from 
spinal fluids, largely dependent upon conditions of growth for its 
maintenance (Murray and Ayrton*'), easily lost, and restored with 
difficulty, if at all, by animal passage. 

The relationship between toxin production and virulence is by no 
means a closed chapter. Ferry and his co-workers’ '" claim that 
bouillon filtrates of young freshly isolated cultures contain soluble or 
extracellular toxin, specific for each of the 4 Gordon types as well as 
a toxin common to all types. Malcolm and White,’> and Maegraith,'’ 
on the other hand, maintain the earlier conception that the meningo- 
coccus is a fragile cell, subject to rapid autolysis, and that the action 
of Ferry’s “exotoxin” is referable to an endotoxin or its cleavage 
products. 

Up to recently, it has not been possible to investigate “invasiveness” 
satisfactorily in animals. An infection somewhat similar to that in 
man can be produced in’ Rhesus monkeys, as originally shown by 
Flexner, by lumbar subdural injection of large quantities of meningo- 
coceus culture, but the species are relatively refractory, the results 
irregular, and the disease, when produced, a highly fatal acute toxemia 
like the fulminating human case.’ The method proposed by Miller!’ 
appears to be an advance. By adding boiled mucin to suspensions of 
meningococci, injected intraperitoneally into mice, the ability of the 
organism to survive, multiply and bring about death of this animal 
can be measured more delicately than has previously been found 
possible. This technique has become known as the “ mouse-mucin” 
test. Silverthorne and Fraser have discovered that strains of meningo- 
cocci vary in their ability to thrive in a sample of human blood having 
no bactericidal power, and that this quality is, in general, parallel to 
the virulence of strains as judged by the mouse-mucin test. It seems 
probable, though it is by no means established, that such tests may 
be used as a rough measure of the “invasiveness” of strains for the 
human host. 

It suffices to summarize here that on the basis of present knowledge 
type does not per se determine virulence. The correlation of antigenic 
pattern with “ virulence” has not yet been established. Just as strains 
of any type UT, TT, TIT or IV) may become rough or smooth, they may 
become relatively virulent or avirulent within broad limits, and probably 
do so under natural conditions. 

Carriers During Non-epidemic Periods. ©n the basis of the observa- 
tions made during the World War, it is conservatively estimated that 
in non-epidemic times meningococci will be found to be present in the 
rhinopharynx of 2 to S% of healthy civilians; the actual proportion 
will depend to a certain extent on the time of the year.’ Two recent 
studies are of interest in this connection. 

Rake? made repeated examinations of individuals working on one 
Hoor of one of the building units of the Rockefeller Institute in New 
York City, 1932-1934. During 20 months, 24 persons were subjected 
to rhinopharyngeal swabbings which were carried out approximately 
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weekly. Ten individuals carried meningococe: at some time or other 
during the period, 5 were constant or chronic carriers, 2 intermittent, 
and 3 transient. Four of the 5 chronic carriers harbored the organism 
from 21 to 26 months and were still positive when last: observed. 
Rake emphasizes that 3 negative swabs obtained at weekly intervals 
do not prove the absence of meningococci from the rhinopharynx. 
As with other carrier conditions a series of negative cultures may be 
followed by a positive. 

In another study Rake investigated 569 young men between IS and 
25 years of age, picked from all sections of the community for the 
Civilian Conservation Corps while in concentration at Fort Slocum 
during the spring. Eighty-three were swabbed on 3 successive weeks, 
291 on 2 successive weeks and 195 only once. Twelve carriers were 
found (2.1%). 

Silverthorne,> working in Toronto, Canada, in a preliminary study 
isolated meningococci from 16 out of 125 medical students examined. 
Subsequently, during a 2-year period he made observations on 63 
healthy adults, mainly physicians and technicians, at approximately 
monthly intervals. The monthly percentage of individuals positive 
for meningococci varied between 16 and 28 (average, 20). For the 
2-year period, of 63 adults tested, no less than 26 (41%) showed the 
presence of the meningococcus in the rhinopharynx at one time or 
another, 11 fairly persistently. There were no cases of cerebrospinal 
fever among this group. 

It appears from these studies that the proportion of healthy persons 
harboring meningococet during non-cpidemic periods is quite variable, 
and may at times reach a high figure without the occurrence of cases. 

Carriers During Epidemic Periods. ‘The observations of Bruns and 
Hohn* and of Glover’ *° have been widely quoted as indicating that 
the proportion of carriers in a community is roughly proportional to 
the course of the epidemic. Glover has placed the danger line at 20%. 
Dudley and Brennan® question the accuracy of any such generalization. 
Chatham Naval Hospital, between January, 1932, and March, 1933, 
had 11 cases of cerebrospinal meningitis. Among 211 contacts of 
these cases, 27 carriers were found as a result of the examination of a 
single nasopharyngeal swab from each, a carrier rate of 13%. During 
a subsequent period, March, 1933, to May, 1934, with the same tech- 
nique, 260 out of 481 of the persons in the same station were found to 
be positive (54%), yet during this period there was not a single case 
of meningitis among the 10,000 sailors, soldiers and airmen garrisoned 
in the Chatham area. By way of contrast, about the same time 
6 cases of meningitis were admitted to the Portsmouth Naval Hospital, 
but only 9 meningococcus carriers were found among 177 contacts of 
these cases (5.1%). 

In the Detroit outbreak, 1928-1931, Norton and Baisley,** between 
February and June, 1929, found 539 out of 2115 (25%) of the contacts 
to be positive. Thereafter, although cases continued to occur in large 
numbers, the percentage of positive contacts dropped to about 3.4% 
and remained rather uniformly at that figure for 1} years. During 
the same period, repeated examinations made on small groups of 
persons who were not in contact with cases, 1991 in all, showed about 
1% to be positive. 
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Kuhns" observed an epidemic in Atchinson County, Missouri, in 
the spring of 1935. Of 17 cases in the area, 9 were among the personnel 
of a C.C.C, Camp. Cultures were made on all enrollees in the camp 
at weekly intervals for 4 successive weeks. The population varied 
from 250 men to 213. The greatest number of enrollees to yield posi- 
tive cultures from the rhinopharynx at one time was 11 (4.4%). In 
another C.C.C. Camp 20 miles distant, where there were 196 men and 
no cases of meningitis, cultures similarly made showed 7 (3.5%) to be 
positive. All of the “ positive” cultures were confirmed by agglutina- 
tion, but no details are given regarding the serum or sera used for this 
identification. 

Laybourn,” on the basis of his investigation of several small institu- 
tional outbreaks, noted the lack of correlation between carrier rate 
and case rate and believed it to be explained very largely by inclusion 
in the carrier rate of persons harboring “saprophytic”? meningococci. 
He emphasized the importance of “effective” carriers who harbor 
what he terms “epidemic strains’’ over a long period of time and 
intermittently distribute them. He identifies “epidemic strains” 
with the antigenic pattern designated as Gordon Type I-III on the 
basis of Rake’s?” opinion, and insists on the importance of “ typings”’ 
in all carrier surveys. 

It is evident from these studies that the relationship of the carrier 
rate to the case rate is not constant. There are too many variables in each 
situation. 

Variable Factors in the Carrier-Case Ratio. ‘These may be classified 
into technical and biologic. As regards the first it is perfectly obvious 
that the methods used will directly influence the numerical result 
obtained. This applies particularly to the bacteriologic technique 
employed," and to the number of examinations made upon each 
individual.47 =A “rate” is ordinarily based upon a single examina- 
tion of each individual; it is obviously an index, and by no means 
reveals all who are harboring meningococci. 

On the biologic side, it is equally obvious that the ratio will depend 
upon the “virulence” of the prevailing strains of meningococci with 
reference to the “resistance” of the population group exposed. 

It is well recognized that strains recovered from the nasopharynx 
of healthy individuals vary widely in their pathogenic potentialities. 
It is conceivable that certain strains may become well adapted to 
growth on the respiratory mucous membrane, show an unusual ability 
to spread from individual to individual, ¢. ¢., be highly “infectious,” 
vet have relatively low powers of “invasion,” and vice versa. As has 
heen pointed out, it has not been established by the evidence available, 
that such qualities are directly correlated with Gordon type. The 
serologic “ typing”’ of meningococci does not serve to distinguish “ virulent” 
or “epidemic” from “saprophytic” or “non-epidemic” strains. It 
gives information as to the similarity or dissimilarity of antigenic com- 
position of strains recovered from carriers as compared with strains isolated 
from cases. Tf the “epidemic significance” of carrier strains is to be 
determined, a test for “ virulence’? would seem to be more appropriate 
on the basis of present knowledge than is “type” classification. 

Mass Immunity and Individual Resistance. ‘That there is a high 
degree of resistance to the meningococcus is evident from its selective 
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attack in an exposed community and the low secondary attack rate 
in family groups. In the Detroit epidemic, Norton® found that only 
46 out of 6416 contacts exposed to a case in the same house came down 
with the disease, ¢.¢., the secondary attack rate was 0.7 %. 

If a carrier rate of 20° prevailed and the average duration of the 
carrier state is 2 weeks, practically every person in a community would 
have harbored the organism in their rhinopharynx at least once in 
3 months. When the meningococcus is prevalent, it is apparent that 
a very high proportion of the persons in the community may be exposed 
sooner or later. This is particularly true of military or naval units, 
institutions, ete., Where a large number of persons are brought into 
close contact. Yet usually less than | in 100 come down with cerebro- 
spinal fever. 

That this resistance is to some degree acquired is suggested (a) by 
the decreasing attack rate with advancing age (for example, see Norton 
and Gordon”), and (4) the greater susceptibility of recruits. In the 
latter connection, a recent study by Cook of the “ Incidence of Cere- 
brospinal Fever in the United States Navy as Related to Length of 
Service and Season of Enlistment” is of particular interest. He found, 
in brief, that the attack rate in men with less than 3 months’ service 
was 10 to 46 times as great as that of men with more than | year of 
service, that in 1926-1929 the attack rate per 100,000 in men of more 
than 2 months’ service was 21.4 at training stations, and 2.4 elsewhere, 
and that during the same period men who enlisted in the months of 
October to February experienced an attack rate during their first vear 
of service of 35.5 per 100,000 as compared with a rate of 16.3 for those 
who enlisted from March to September. In other words, if a recruit 
were “seasoned” in small commands during the period of the vear 
when the incidence of cerebrospinal fever is lowest, his chances of 
escaping an attack were greatly increased over those of recruits who 
entered the large training stations during the fall and winter. This 
observation together with other data on the selective distribution of 
cases of cerebrospinal fever and of the frequency of the meningococcus 
carrier state suggests that subclinical immunization from postnasal 
infection may play an important role in the development of immunity. 

The mechanism of this immunity is unknown, but the recent observa- 
tions of Silverthorne and Fraser* are of interest. In 1934, they 
demonstrated that samples of blood from many adults were bac- 
tericidal to a recently isolated strain of meningococcus. Other adults 
and infants failed to manifest this property in their blood. Two 
infants with meningitis possessed little or no bactericidal power at the 
onset of their disease but developed it after recovery. In 1935,2% the 
same authors found that the bactericidal principle was present. in 
serum or plasma, that it depended upon the presence of complement 
for its action, and that it was highly specific for the meningococeus. 
In 19362° using as a control test a previously known non-bactericidal 
sample of blood, and a virulent recently isolated cerebrospinal fluid 
strain of meningococcus, they demonstrated that samples of blood from 
5 carriers were bactericidal to this virulent strain and to each of the 
5 carrier strains. 

Ferry and his co-workers’ '" and Kuhns" have shown that certain 
individuals show a reaction to an intradermal injection of diluted 
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meningococcus filtrates. They interpret such reactions as an indica- 
tion of “susceptibility” to meningococcus toxin similar to that indi- 
cated by a positive Dick or Schick test. They fail to establish what 
relation, if any, this shin “ suseeptihility” to meningococcus toxin has 
to the susceptibility of the individual to an attack of cerebrospinal 
fever. Until such a relationship is proved, the test cannot be accepted 
as indicating the presence or absence of immunity. 

Administrative Control. After reviewing the observations made in 
recent Years, one is inclined to agree with MeCoy'® and with Dudley 
and Brennan® that the attempt to control the occurrence of cerebro- 
spinal fever by detection, segregation and treatment of meningococcus 
carriers is, under the usual conditions of either military or civil life, 
an impractical, inefficient and relatively unproductive procedure. The 
meningococcus is simply one of the many potentially pathogenic micro- 
organisms that must eventually make their way from the nasopharynx 
of one human being to another. A vast majority of individuals either 
have, or develop, sufficient immunity to resist its invasion of the blood 
stream and meninges. As with other diseases in the respiratory group, 
it would seem that the effort must be directed, not to prevention of 
the spread of the organism, but to measures which will reduce the risk 
of clinical attack. In naval and military commands, on the basis of 
Cook’s studies, affording the recruit a maximum opportunity to develop 
natural immunity under favorable conditions of exposure, promises 
reduction in the incidence of the disease. In the final analysis, control 
must wait upon the development of a dependable test for immunity 


and a satisfactory immunizing agent. It is only the occasional indi- 
vidual who needs the artificial antigenic stimulus. 
Kenvnetu F. Maxcy, M.D. 
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The Use of Rats in the Study of Anticonvulsant Drugs. Witiiam 
L. Sampson and L. Fernanpez (Merck Institute of Therapeutic Re- 
search), Rahway, N. J. Intraperitoneal injections of a 2% emulsion 
of oil of thujone will produce epileptiform convulsions in the rat identical 
in character with those produced in the rabbit. The quantity of oil of 
thujone necessary to elicit a distinct convulsive response is well below 
the L.D.0. of the drug. Repeated administration of the drug in no 
way influences the growth rate of the animal. The sensitivity of differ- 
ent rats and the day to day response of any individual animal is subject 
to marked variation. However, if sufficiently large groups of rats (20 or 
more) are used the results are remarkably consistent. Strychnine 
increases and luminal decreases the sensitivity of rats to thujone con- 
vulsions. The responses of groups of rats to camphor or picrotoxin 
convulsions, while somewhat different in character, are equally con- 
sistent as the response to oil of thujone. Since experimental convulsions 
can be satisfactorily produced in rats, this animal may well be the animal 
of choice in the study of anticonvulsant drugs because large groups of a 
uniform strain can be handled with a maximum of economy in time, 
space, and cost of maintenance. 


Spectrophotometric Studies of the Color Development in the Analysis 
of Sugar by the Benedict Method and of Cholesterol by the Liebermann- 
Burchard Reaction. F. SuNpERMAN and J. Razek (Labora- 
tory of Research Medicine, University of Pennsylvania). The develop- 
ment of color in sugar solutions by the Benedict method and in choles- 
terol solutions utilizing the Liebermann-Burchard reaction was studied 
by means of a photo-electric spectrophotometer which recorded within 
10 seconds the transmission at each wave length throughout the visible 
range. The first curve was obtained 2 minutes after preparation of a 
given solution and subsequent curves at intervals up to 1 hour. These 
studies afford a basis for selecting the optimal spectral zone for colorime- 
try in these two methods. 


Cholesterol in Human Liver Bile. Crcinia 1. S. Ravpin 
and H. J. Rost (Harrison Department of Surgical Research, University 
of Pennsylvania). Daily specimens of hepatic bile collected by external 
drainage from a large number of patients were analyzed for cholesterol 
concentration. It was found that: 

1. There was no correlation between fluid intake and cholesterol 
concentration. 

2. There was no correlation between amount of bile drained externally 
and cholesterol concentration. In 2 patients no relationship was ob- 
served between total 24-hour volume of bile and cholesterol concentra- 
tion. 

3. When cholesterol concentration was low, bile salt concentration 
was also low, and vice versa. 
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1. Patients having badly damaged livers had low cholesterol con- 
centrations in the hepatic bile. Those with only slightly damaged livers 
had high cholesterol concentration in hepatic bile. 


The Physical Properties of the Mammalian (Rabbit) Oodcyte and its 
Protecting Membranes. G.S. pe Renyt and D. P. Mureuy (Depart- 
ment of Anatomy, University of Pennsylvania, and Gynecean Hospital 
Institute). Rabbits were made to ovulate by intravenous injection of 
pregnancy urine (Friedman’s method). They were killed about 12 
hours after the injection and the oGeytes, which are at that time in the 
upper part of the oviduct, were washed out with warm saline. — Fertiliza- 
tion in the rabbit occurs in the upper part of the oviduct shortly after 
ovulation. Therefore, our material was suitable for ascertaining the 
physical properties of the oGeyte and of its protecting membranes at a 
stage when it is prepared to receive the spermium. 

As is generally known, odcytes in this stage are in possession of two 
protecting membranes. However, the physical properties of these 
sheaths have not yet been systematically studied. 

The microdissecting method reveals a cement substance between the 
cells of the outer, cellular membrane, ¢. ¢., the cumulus odphorus. 
This intercellular substance has a higher refracting index than the sub- 
stance of the cells. It can be pulled out into long threads which finally 
break under extreme tension. The ends then retract. There is no doubt 
that the intercellular substance of the cumulus is extremely viscid and 
elastic. 

The zona pellucida when torn with needles breaks, leaving a sharp 
serrated edge. It expands to a certain extent when the cavity of the 
zona pellucida is injected with saline under high pressure. Released 
from pressure, the zona fails to regain its original form and size. It is 
an inelastic, rigid membrane. Microinjecting experiments seem to 
prove that both membranes are continuous. There is no evidence of a 
preformed channel through which the injected fluid might escape. 

The primary odcyte is covered with a highly refractile membrane, 
i. ¢., the ojlemma. When injured, it does not disintegrate like the sur- 
face membrane of many invertebrate ova. 

The substance of the ojcyte is viscous and plastic. Its granules do 
not perform Brownian motion. It disintegrates slowly when exposed to 
isotonic saline. 


Observations on Thyroid Tissue Implanted in a Transparent Chamber 
Installed in the Rabbit’s Ear. Roy G. Witutams (Laboratory of 
Anatomy, University of Pennsylvania). Autogenous grafts of thyroid 
gland were implanted in a transparent chamber installed in a rabbit’s 
ear. Four grafts were used which varied in diameter from 0.1 to 0.3 mm. 
and were about 0.1 mm. thick. One graft survived but did not grow. 
Vascularization began within 24 hours and was complete by 45 days. 
With the compound microscope the follicles could be seen distinetly 
in optical section and changes recorded by camera lucida tracings. 
The nuclei of the thyroid cells were only occasionally visible in some 
follicles. The colloid appeared structureless except for a few small 
indistinct granular masses and one or more large vacuoles. ‘Two types 
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of follicles were observed: one which was small with a relatively thick 
wall and containing one or two vacuoles, another which was larger, 
with thinner walls and a larger number of vacuoles. These vacuoles 
were not arranged next the cells and were, apparently, not the same 
structures as the vacuoles seen in fixed sections. 

The implant was observed daily for 30 days. Three injections of a 
stock preparation of “antuitrin” were then given subcutaneously on 
successive days —1 ce. the first day, 2 ce. the second, 5.5 ce. on the third. 
These produced a swelling of the entire follicle, walls and colloid, fol- 
lowed by a sudden but small drop with the last dose. Three days after 
the last dose there was some increase in thickness of the follicular wall 
and decrease in colloid. This was followed by a shrinkage of wall area 
and an increase in area of colloid. Six days after the last of the 
previous injections, 3 doses of “ thyroprotein,” 2 ce. each, were given 
subcutaneously on successive days. These injections produced 
further diminution in follicular wall area and an increase in colloid. 
These experiments were solely for the purpose of determining whether 
or not the graft follicles were capable of responding. Six days after the 
last injection the graft was fixed together with a sample of thyroid 
tissue from the neck of the same animal. The sections of the graft were 
similar to those from the control and were regarded as being normal and 
healthy in appearance. 
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